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ABSTRACT 
Fauna living in arid environments face strong ecological and physiological constraints.  
Water is the key requirement and vertebrates exhibit a range of adaptations for survival.  
Some species obtain water from their diet, but those which require water to drink or as 
habitat must either live in or near permanent water, or move in search of water.  This 
strongly influences the distribution and abundance of vertebrate species in arid 
environments. 
In arid agricultural landscapes, the development of artificial water sources for stock has 
benefited water-dependant native fauna, particularly frogs.  Little is known about the effects 
of removal of artificial water sources in these environments.  In North-western Victoria, 
completion of the Northern Mallee Pipeline and the proposed construction of the Wimmera 
Mallee Pipeline will ultimately replace over 20,000 farm dams, resulting in the widespread 
loss of an open water resource currently used by fauna across the Wimmera and southern 
Mallee. 
The wildlife values of the different on-farm water points in the Northern Mallee Pipeline 
region and the remaining Wimmera Mallee Domestic and Stock Channel System  were 
examined.  Species richness and abundance of vertebrates were surveyed at farm dams, 
channels and stock troughs in open paddocks, and at farm dams in Mallee woodlands.  
Mallee woodlands with no available water were also surveyed.  Sites were surveyed once 
per season to determine which species were utilising the different on-farm water points and 
Mallee woodlands.  Knowledge of their usage by different species allowed the importance of 
each water point type to be determined and the impact of the closure of the channel system 
to be assessed. 
The study recorded 57 vertebrate species in the Northern Mallee Pipeline region, including 
six reptile, 43 bird, seven mammal and zero frog species.  Surveys in the Wimmera Mallee 
Channel/dam region recorded 74 different species, including three reptile , 57 bird, eight 
mammal and six frog species.  Overall species richness and abundance was highest at sites 
with a farm dam in a Mallee woodland, and the levels of species richness and abundance 
were significantly higher than at sites with Mallee woodland and no available water.  The 
differences between the two site types were due mainly to greater abundance of water-
dependant species at farm dams in Mallee woodland sites.  For water points in open 
paddocks, species richness and abundance was highest at sites with a farm dam in an open 
paddock and lowest at sites with a stock trough in an open paddock.  The difference 
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between the different open paddock water point types were significant, and like woodland 
sites, were driven by greater numbers of water-dependant species. 
The study also examined whether purpose-built artificial wildlife ponds could provide habitat 
for water-dependant fauna and whether artificial wildlife ponds could potentially maintain 
fauna populations after de-commissioning of the existing channel system. 
The results of this study showed that artificial wildlife ponds placed in Mallee woodlands can 
provide habitat for birds, both in the Northern Mallee Pipeline region and the Wimmera 
Mallee Channel/dam region.  The results also showed that these wildlife ponds can support 
species assemblages at levels comparable to a farm dam in a Mallee woodland, 
demonstrating that wildlife ponds can be effective in providing a degree of ‘replacement’ 
habitat for birds on farms.  Frogs were not recorded using wildlife ponds situated in Mallee 
woodlands and this was considered due to the wildlife ponds being placed at least 900 
metres from a nearby water source potentially too far for many frog species to disperse in an 
arid environment.  Given these findings, the position of ponds was adjusted for the ponds 
installed in Black Box woodlands. 
Wildlife ponds in Black Box woodlands were also successful in providing habitat for birds 
and functioned as an important source of water for water-dependant birds in summer.  Frogs 
were recorded using the wildlife ponds situated in Black Box woodlands and this was most 
likely due to their close proximity (<200 metres) to a nearby water source, as well as being 
located in a wetland-associated vegetation type.  The success of the wildlife ponds concept 
has been demonstrated both in their ability to function as habitat for water-dependant fauna 
and through widespread community acceptance and support.  With the de-commissioning of 
the channel and dam system removing open water sources from the farming landscape, 
artificial wildlife ponds installed on farms across the region could provide not just a vital 
habitat resource supporting water-dependant fauna, but in many areas, the only source of 
water for wildlife within the Wimmera and southern Mallee regions. 
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1.  INTRODUCTION AND OVERVIEW 
 
1.1 FAUNA IN AN ARID ENVIRONMENT 
Arid zones around the world are characterised by high air temperatures, intense solar 
radiation, low rainfall and a scarcity of surface water for all or part of the year.  Temperatures 
can reach over 45°C during the day and below freezing at night.  Annual rainfall can be less 
than 200-400 mm and humidity is usually very low (Morgan 1974; Salisbury & Ross 1978).  
Soils in arid environments worldwide are generally low in nutrients, particularly nitrogen and 
phosphorus, salty and low in moisture (Rohan & Downes 1963; Salisbury & Ross 1978). 
Flora growing in arid zones exhibit a range of adaptations.  Annuals plants regulate their 
germination to occur only when conditions ensure a high likelihood of survival, are fast 
growing, have a high photosynthetic mechanism which is efficient under water stress and 
high light and heat, and produce seed which can survive for extended periods under harsh 
conditions (Smith et al. 1997).  Adaptations by perennial plants include growth 
characteristics such deep roots, leaves arrangements that channel water to the base of the 
stem, reduced leaf size and leaves that are reflective.  Some species can store water in 
succulent tissues, accumulate salt in special cells and survive levels of desiccation 
(Salisbury & Ross 1978). 
Fauna living in the environmental extremes of arid regions face strong ecological and 
physiological constraints.  For all organisms living in arid zones, water is the key to biological 
activity (Schmidt-Nielsen 1979).  Animals have a variety of different adaptations to living in 
arid environments.  Small animals, particularly mammals, excavate burrows and are thus 
able to escape the high daytime temperatures.  Some mammal species can get adequate 
water from their diet or from the process of respiration (Morgan 1974).  Mammals are also 
endothermic, highly mobile and able to move in search of water, day or night (Morgan 1974; 
Schmidt-Nielsen 1979). 
Birds are also highly mobile and most are able to escape environmental extremes in ways 
not available to walking animals.  Birds can move long distances between foraging sites, 
drinking sites and roosting sites.  However, long-distance flight is not without its own risks 
and physiological demands on energy and water.  Birds can exhibit behavioural adaptations 
such as roosting off the ground in shady vegetation or in cavities and remaining inactive 
during the hottest part of the day (Dawson & Bartholomew 1968).  Birds also have 
physiological characteristics suited to arid environments, such as a high body temperature 
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and the ability to excrete waste nitrogen as crystalline uric acid, with little or no loss of water 
(Morgan 1974; Schmidt-Nielsen 1979).  However, diurnal birds rely on evaporative cooling to 
thermoregulate during hot weather and this places demands on their water balance (Dawson 
& Bartholomew 1968). 
Reptiles and frogs are ectothermic, which means they cannot regulate internally their body 
temperature, and consequently are usually at the same temperature as their environment.  
Their only means of controlling their body temperature is behavioural, moving to warmer or 
cooler places depending on conditions, basking in the sun or seeking refuge from the heat 
(Schmidt-Nielsen 1979; Barker et al. 1995). 
In the arid zones of Australia, different faunal groups have adapted to living in these high 
temperature, water-deficient environments in different ways (Morgan 1974).  Some groups 
are highly mobile and able to move around the landscape on a daily or season basis, or are 
nomadic, taking advantage of conditions when they are suitable, or leaving areas when they 
are not.  Species with limited mobility adopt behavioural characteristics to survive (Morgan 
1974; Serventy & Whittell 1976; Barker et al. 1995). 
Reptiles are particularly abundant in the Australian arid zone.  Different groups of reptiles 
have equally different adaptations for surviving in arid environments.  Terrestrial reptiles 
such as snakes, lizards, skinks, geckos and monitors etc. are particularly diverse and thrive 
in arid regions (Wilson & Swan 2003).  They generally do not need to drink and derive their 
water requirements from their diet (Cogger 2000; Wilson & Swan 2003).  Some terrestrial 
species (e.g. geckos, worm-lizards) are largely nocturnal, avoiding the heat of day by 
sheltering beneath logs, stones, leaf litter, soil, in burrows or behind the bark of trees 
(Cogger 2000).  Freshwater turtles occur in most permanent and many temporary waterways 
across Australia.  They feed and copulate in water, but will bask out of water and cross land 
between waterbodies.  They lay their eggs on land, in soil near water.  During extended dry 
conditions, some freshwater turtles bury themselves and aestivate for extended periods or 
undertake lengthy overland movements in search of water (Wilson & Swan 2003). 
Frogs and toads (order Anura), the only group of amphibians found in Australia, are 
dependent on water for a significant part of their life cycle (Barker et al. 1995).  Typically, 
Australian frogs and toads (hereafter referred to collectively as frogs) have two distinct life-
cycle stages, an aquatic stage and a terrestrial stage.  Eggs (spawn) are laid singly, in 
strings or foamy masses, usually in water.  They may be free-floating or attached to aquatic 
vegetation.  Fertilization is external, in water.  The eggs hatch as aquatic larvae, or tadpoles, 
breathing through gills.  The transition to the adult, terrestrial stage can take from a few 
weeks up to 7 months, during which time they develop legs and lungs and emerge onto land 
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to spend the greater part of their adult life out of water (Heyer et al. 1994; Barker et al. 1995; 
Swan & Watharow 2005).  In their use of habitats, frogs are seasonal residents of aquatic 
systems and cryptic or dormant residents of terrestrial systems (Hazell 2003).  In arid 
environments, some frog species survive by burrowing, storing water and aestivating during 
hot and dry conditions (Warburg 1965; Withers 1993, 1995).  Other species can survive in a 
favourable microhabitat where water is available but where temperatures are occasionally 
high (Warburg 1965).  Frogs in arid regions usually breed when rain provides temporary 
waterbodies in which tadpoles can develop (Barker et al. 1995).  Arid country can act as a 
barrier to frog dispersal.  For example, the coastal deserts of the Nullabor Plain isolates the 
damp coastal forests of the south-western and south-eastern Australia (Barker et al. 1995). 
Birds in arid regions of Australia vary in their level of dependency on water.  Birds with a high 
dependence on water include waterbirds such as ducks, swans, grebes, and herons, which 
require water as habitat for foraging, roosting or breeding (Marchant & Higgins 1990).  Other 
species are dependent on water for drinking for all or part of the year.  These species 
include parrots, pigeons, finches and some honeyeaters (Fisher et al. 1972).  Water-
independent species, those which do not rely on water for drinking or as habitat, include 
mostly insectivorous species such as pardalotes, Weebill, Willie Wagtail and Brown 
Treecreeper (Fisher et al. 1972; Harrington 2002; Higgins & Peter 2002). 
Many birds in the arid zones of Australia are able to survive without drinking for all or some 
of the time (Bartholomew 1972; Fisher et al. 1972).  In a study of arid zone birds in central 
Western Australia, Fisher et al. (1972) determined that 60% of the bird species were either 
independent of water or drink infrequently.  They also determined that the majority of species 
inhabiting areas where water was present were dependent on water and that the availability 
of water was key determinant in the distribution of those species (Fisher et al. 1972).  Some 
species are dependent on water for drinking on a regular basis, such as parrots, pigeons, 
finches and many honeyeaters.  Other species are dependent on water only during the 
hotter, drier months, or are independent of water, obtaining all of their water requirements 
from their diet (Cameron 1938; Davies 1972; Fisher et al. 1972; Harrington 2002). 
Water-dependent birds inhabiting arid Australia must either live near surface water or be 
capable of flying long distances between foraging/roosting areas and a water source 
(Dawson & Bartholomew 1968).  Some species will regularly travel up to 20km per day for 
water (Cameron 1938).  In a study of artificial watering points in a mallee environment, 
Harrington (2002) found that generally, water-dependent birds were more abundant close to 
water and that their abundance decreased at distances beyond 12 km from water.  Species 
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richness was found to be higher close to water and this was due to the greater abundance of 
water-dependent species there (Harrington 2002). 
Terrestrial mammals inhabiting arid Australia exhibit a range of adaptations.  Most small, 
insectivorous species are nocturnal or crepuscular, sheltering during the day in burrows, 
dense vegetation, hollow logs, crevices etc.  Few drink, deriving their water requirements 
from their diet.  (Robertson et al. 1989; Strahan 1991; Menkhorst 2001). Some species, e.g. 
Fat-tailed Dunnart Sminthopsis crassicaudata, shelter and become torpid during 
unfavourable conditions.  Few arboreal mammals inhabit arid regions due to the lack of 
trees.  The few species whose distributions penetrate inland are confined largely to treed 
watercourses.  Large macropods (kangaroos, wallabies etc) inhabiting arid regions require 
water to drink. Smaller species may derive their water requirements from their diet and 
metabolic processes (Robertson et al. 1989; Strahan 1991; Menkhorst 2001). 
 
1.2 THE NATURAL ENVIRONMENT OF NORTH-WESTERN VICTORIA 
The Wimmera and Mallee regions of western Victoria occupy over 65,000 square kilometres 
of geographically, climatically and biologically diverse landscape (Figure 1.1).  From 
mountain ranges, forests, woodlands and plains to heath, grasslands, desert and wetlands.  
Rainfall across the Wimmera and Mallee regions vary from over 1000 mm per year average 
in the Grampians mountain range, to under 350mm per year average on the Mallee dunes 
(Costermans 1983; WCMA 2003; BOM website). 
The higher rainfall areas of the Grampians, Pyrenees and southern Wimmera originally 
supported extensive forests and woodlands.  The Wimmera Plains and southern Mallee, 
being drier, were characterised by open woodlands, grasslands and tree-lined watercourses. 
Further north, woodland plains gave way to mallee woodland, an arid-adapted vegetation 
community on rolling sands, grasslands and saltbush shrublands (Kenyon 1914; Rowan & 
Downes 1963; LCC 1974, 1985; Costermans 1983). 
The Wimmera River, the largest watercourse in the region south of the Murray, rises in the 
Pyrenees Ranges and receives water from catchments in both the Pyrenees and Grampians 
Ranges.  It courses west and north through the Wimmera plains before draining into Lake 
Hindmarsh.  During exceptional flood periods, Lake Hindmarsh overflows through Outlet 
Creek into Lake Albacutya, which when full, overflows further along Outlet Creek, 
meandering north into a series of shallow lakes and depressions in the southern Mallee 
(Kenyon 1914; Rohan & Downes 1963; WCMA 2003).  Several other creeks, such as 
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Yarriambiack Creek, a large distributary of the Wimmera River, Dunmunkle Creek, a smaller 
distributary of the Wimmera River, also drain north through the Wimmera Plains and 
terminate in broad, shallow lakes in the southern Mallee.  Tyrrell Creek and Lalbert Creek, to 
the east of the Wimmera River Catchment, are distributaries of the Avoca River and course 
north through the Northern Plains and, like the Wimmera River and its distributaries, 
terminate in a series of shallow lakes (WCMA 2003; Holmes 2007).  No creeks or rivers rise 
in the Mallee region itself, and natural surface water resources are scarce and intermittent 
(Kenyon 1914; Rowan & Downes 1963; LCC 1974). 
 
1.3 EARLY EXPLORERS AND DESCRIPTIONS OF THE WIMMERA AND 
MALLEE REGIONS 
The first European to visit the Wimmera region was the explorer Major Thomas Mitchell.  His 
voyage of discovery took him across the Murray River in July 1836 and into the region now 
called the Wimmera.  Major Mitchell named many of the region’s ranges, peaks, lakes, and 
watercourses, including the Grampians, Mt Arapiles and the Wimmera River.  He described 
the area as fertile and well-watered, and named the region Australia Felix (the ‘happy 
country’) (Kenyon 1914).  In 1838, explorer E.J. Eyre attempted to find a new route for 
droving cattle from Sydney to Adelaide.  He journeyed through the Wimmera region in 
April/May 1838 and described it as ‘fine country, watered by creeks running north-west and 
with waterholes in their channels at intervals’ (see Figure 1.1).  Eyre found that the creeks 
terminated in extensive flat plains, divided by narrow belts of pine and box (Eyre 1838 [from 
p28 in Kenyon 1914]).  The Wimmera River near the Grampians was described as well 
watered country, affording good pasture for stock.  Where the river turns north-west, the 
country was described as sandy and barren.  In 1845, H.E.P. Dana, in a report to the then 
Governor of Victoria, C.J. La Trobe, described the region between the Wimmera River and 
Yarriambiack Creek as ‘level country studded with small salt lakes and low sandy rises with 
pine timber on them, and sub-divided by lightly grassed plains and belts of box’ (Kenyon 
1914).  When early settlers arrived at Natimuk, in the Wimmera, they asked the Aborigines 
about the weather and received the reply: “sometimes long time wet, and sometimes long 
time dry” (Lockwood 1972). 
In contrast to the glowing descriptions of the Wimmera, early accounts of the Victorian 
Mallee from settlers were not flattering and possibly even deliberately bleak so as to 
discourage outside interest.  Mitchell described the Mallee as almost impenetrable and one 
of the most barren regions in the world (Kenyon 1914).  Eyre described the Mallee region to 
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the north of Lake Hindmarsh as waterless and thickly covered with scrub (Eyre 1838) (see 
Figure 1.1).   In September and October 1849, J.W. Beilby, explored the northern Wimmera 
and southern Mallee region in search of good pastoral country.  The account of his 
exploration (first published in the Port Phillip Gazette on 29 November and 1 December 
1849, and reproduced in part in Kenyon 1914) contains quite detailed descriptions of mallee 
vegetation, grassy plains, pine ridges, swamps and numerous waterholes, or ‘native wells’, 
though few contained water.   pastoralist applying for a claim near Lake Tyrrell in 1848 
described it as a plain, bounded on the west, south and south-east by mallee scrub and is 
watered by a branch of a creek, later clarifying it as undulating plains and mallee scrub 
without any water upon it (Lloyd 1997). 
A description of the country between Swan Hill/ Pyangil and Lake Tyrrell, in 1860, by 
surveyor G. Neumeyer, describes the area as ‘tolerably well timbered, box trees 
predominating in the lower, and, occasionally, inundated portions of the district’.  No sources 
of water were found and Lake Tyrrell was a dry salt bed.  Just north of the lake a small flat 
was found with ‘crab-holes containing beautiful water’ (Kenyon 1914).  Another survey group 
traversing the area between Marlbed (north of Birchip) and Lake Tyrrell ‘arrived at a round 
basin half a mile in diameter and almost completely dried out  (Lloyd 1997). 
The early explorers and pastoralists also gave some accounts of fauna they encountered. 
J.W. Beilby, who explored the northern Wimmera and southern Mallee regions in September 
and October 1849, made comment on the abundance of birds, the dawn chorus, and 
wallabies, native cats, native rats and wild dogs being observed on the margin of waterholes.  
References to birds include Emus, Major Mitchell Cockatoos, black-cockatoos, parrots, 
Mallee Fowl, hawks, pigeons, wattlebirds, Australian Magpie, Pied Butcherbird and crows 
(Kenyon 1914). 
A survey group traversing the area between Marlbed (north of Birchip) and Lake Tyrrell 
‘arrived at a round basin half a mile in diameter that was almost completely dried out, native 
ducks feeding on what little water remained (Lloyd 1997).  An account of the mallee region in 
the 1850s by N. Bartley describes is as supporting mallee scrub and nothing more of any 
kind, no birds, no insects, no animals, only an occasional snake (Kenyon 1914).  Another 
account, by A.P. Martin in 1878 (then secretary to a royal commission on Crown Lands), 
described the Mallee as sand, scrub, scorching sun and devoid of animal life, other than 
rabbits and dingoes.  The only description of water was of scattered ‘native wells’, lagoons 
and muddy waterholes, and no account of any fauna (Kenyon 1914). 
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Kenyon (1914), in summarising the vegetation communities of the Victorian Mallee, 
describes the region as having four distinct types: 
• Scrub country, consisting mainly of east—west sand ridges, with red loamy flats, all 
covered with shrubby eucalyptus, 2.4 to 6.1 metres high; 
• Broken country, consisting of open grassy plains, pine and belar ridges, big mallee 
up to 18.3 metres high, and many smaller trees including Quandongs, pittosporums, 
hakeas, heterodendrons, grevilleas, eremophilas, myoporums, acacias etc; 
• Heathy country, on infertile white sands, generally in steep, wind-blown hills and 
covered with Epacrid heaths, stunted mallee and ‘sandy forms of vegetation’; 
• Frontage country to the Murray River and supporting large box and red gum flats, 
and bordering pine and hop bush country.  Porcupine grass is more or less 
everywhere. 
 
1.4 HISTORY OF SETTLEMENT 
Major Mitchell’s favourable descriptions of the Wimmera encouraged settlers in southern 
NSW and Tasmania (van Veldhuisen 2001).  Drovers, squatters and pastoralists viewed 
favourably the descriptions of the region’s fertility, natural waterways and surface water 
resources.  Settlement of the Wimmera began in 1838 , and as water for stock was only 
available from the major rivers and streams, settlement and grazing were concentrated in 
these areas (Kenyon 1914; LCC 1985). 
Large stations and pastoral leases were established in the Wimmera during the early 1840s.  
Between 1842 and 1844, pastoral runs were rapidly taken up along the Wimmera River and 
Yarriambiack Creek (see Figure 1.1).  By 1845, nearly all the available watered land from the 
Wimmera to the Murray had been occupied.  The waterless Mallee to the north remained 
largely untouched (Kenyon 1914; Lockwood 1972; LCC 1985; van Veldhuisen 2001). 
Settlement of the Mallee region was much slower and began with the uptake of pastoral runs 
on natural grassy flats, mostly around dry lakes.  Government Surveyor of the time, E.R. 
White, surveyed parts of the Mallee in the early 1850s.  The population of the area increased 
during the 1850s as a spin-off from the Victorian gold rush (Kenyon 1914; Lloyd 1997).  
Mallee scrub and spinifex afforded no grazing opportunities, and clearing scrub was a slow 
and laborious process and water availability was always an issue (Kenyon 1914; Lloyd 1997; 
LCC 1985).  These early runs were not always successful and many were abandoned 
(Kenyon 1914; van Veldhuisen 2001). 
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Figure 1.1  Map of Wimmera and southern Mallee, showing major towns, waterways and 
waterbodies referred to in this study.  Remnant native vegetation is shown in green. 
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1.5 THE IMPACT OF AGRICULTURAL DEVELOPMENT IN ARID 
ENVIRONMENTS 
The development of the southern regions of Australia for agriculture over the last 200 years 
has resulted in significant changes to flora and fauna (Robertson et al. 1989; Reid & Fleming 
1992; Brock & Jarman 2000).  Large areas of native vegetation have been cleared for 
agriculture in a relatively short space of time, beginning with the most fertile soils and areas 
close to water resources, and spreading inland to the more arid, less fertile regions (Kenyon 
1914; Rohan & Downes 1963; LCC 1974, 1985).  Some ecosystems have been almost 
totally converted to agricultural production.  For example, Victoria’s native grasslands have 
been profoundly altered due to cultivation, overgrazing and the introduction of exotic pasture 
species.  Since settlement, 99.5% of native grasslands have been completely destroyed 
(Scarlett et al. 1992).  Pastoralism and overgrazing have degraded plant communities and 
soils, and the introduction of pests and predators have had serious impacts on native fauna 
(Saunders & Curry 1990; Reid & Fleming 1992; Aplin 1998; James et al. 1999). 
Riparian, floodplain and wetland ecosystems have also undergone major changes over the 
last 200 years.  Floodplain wetlands are sites of high biodiversity that depend on the flows 
from rivers and streams (Kingsford 2000; Davis et al. 2001).  Dams, diversions, agricultural 
development and river management practices have impeded and decreased river flows, 
reduced wetland flooding, increased sediment loads and introduced pollutants and exotic 
taxa, all of which have caused serious alterations to river and wetland ecology (Brock & 
Jarman 2000; Kingsford 2000).  These result in declining vegetation health and declines in 
fauna populations, particularly waterbirds, but also fish, frogs, aquatic reptiles and many 
wetland-dependent mammals (Gillespie & Hines 1999; Brock & Jarman 2000; Hazell 2003). 
Habitat loss and habitat fragmentation have led to the decline, and in some instances, the 
local extinction of woodland bird species (LCC 1985; Robertson et al. 1989; Saunders & 
Curry 1990; Reid & Fleming 1992; Ford et al. 2001).  Bird species diversity and abundance 
has declined in cleared areas and in woodlands grazed by livestock (James et al. 1999; 
Martin & McIntyre 2007).  Bird species richness has been found to be significantly lower in 
pasture sites compared with wooded patches (Johnson, et al. 2007).  Fragmentation leads to 
isolation of small populations, and through factors such as increased edge effect, increased 
predation pressures, interspecific competition and reduced capacity for re-colonisation, leads 
to further population declines and extinctions (Ford et al. 2001).  Habitat loss and 
fragmentation especially effects species with large home ranges, particularly those which 
feed on native birds and mammals such as owls and raptors (Ford et al. 2001).  Bird 
diversity and relative abundance have also been found to decline with increasing levels of 
grazing of woodland and riparian vegetation (Martin & McIntyre 2007).  Understorey-
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dependent species are the most negatively affected by livestock grazing (Martin & McIntyre 
2007).  However, some bird species have benefited from agricultural settlement, mainly 
those species which inhabit open country, and ground-foraging species (Robertson et al. 
1989; Saunders & Curry 1990; Martin & McIntyre 2007). 
In contrast to birds, the effects of European land use changes on frog species and habitat 
availability in Australia are not well known (Tyler 1997; Hines et al. 1999; Roberts et al. 
1989; DEWHA website).  The federal government’s Environment Protection and Biodiversity 
Conservation Act list of threatened fauna includes 32 species of frogs.  Of these, four are 
listed as Extinct, two listed as Critically Endangered, 14 listed as Endangered and 12 listed 
as Vulnerable (EPBC Act 1999). Land clearing, habitat degradation and altered hydrology 
are thought to be a major influence on the current distribution of many frog species in south-
eastern Australia (Gillespie & Hines 1999), and are considered the key threatening 
processes for nearly half of Australia’s listed threatened and endangered frog species 
(DEWHA website). 
A review of Australian research on frogs was undertaken by Hazell (2003) to determine 
current knowledge regarding impacts of habitat loss, degradation and landscape change.  Of 
41 frog species in Australia recommended for IUCN listing as vulnerable, threatened or 
endangered, 20 (49%) are threatened or have declined as a result of habitat loss or 
degradation (Hazell 2003).  In addition, there are species without an IUCN listing status that 
are considered threatened by habitat fragmentation and loss (Hazell 2003).  Habitat threats 
to frogs in eastern and southern Australia include wetland destruction and altered hydrology 
regimes, land clearing, water pollution, chemical use, increased sediment load, grazing, 
salinity, urban development and the introduction of predatory fish (e.g. Robertson et al. 
1989; Tyler 1997; Gillespie & Hines 1999; Hines et al. 1999; Mahony 1999; Jansen & Healey 
2003). 
The impacts of habitat change on widespread frog species may go un-noticed because of 
their extensive distribution and because local declines contribute to a gradual breakdown in 
connectivity of extant populations (Hazell 2003).  Declines may also occur through impacts 
on immigration and dispersal, such as predation of tadpoles in connecting waterways by 
introduced predators (Hazell 2003). 
The introduction of stock watering points has also affected the biodiversity in arid and semi-
arid regions of Australia.  These include the development of artificial wetlands that support 
native flora and fauna, the provision of watering points for domestic stock and feral animals, 
a focus for hunting, scavenging and drinking by predators, and changes in vegetation 
communities (James et al. 1999).  The addition of water also results in the expansion in 
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range and abundance of water-dependent species, which can be to the detriment of rarer, 
water-independent species (Saunders & Curry 1990; James et al. 1999; Harrington 2002).  
Water-dependent birds are more abundant closer to water (Harrington 2002).  The 
concentration of stock around these watering points also results in soil degradation and 
vegetation changes (James et al. 1999). 
The creation of artificial wetlands in agricultural areas (e.g. farm dams, channels, sewage 
ponds) is considered advantageous to water-dependent wildlife by providing a reliable, 
predictable water source additional habitat, and extending the range of some species 
(Hobbs 1980; Robertson et al. 1989; Bennett et al. 1998; Tyler & Watson 1998; James et al. 
1999; Brock & Jarman 2000).  However, changes in the availability and nature of wetlands 
within agricultural landscapes are also considered to have deleterious effects.  Damming 
and draining changes the structure and hydrology of wetlands, and alters the dynamics of 
their plant and animal communities (Brock & Jarman 2000).  Where artificial wetlands, such 
as catchment dams, have been constructed, on-going habitat losses in surrounding areas 
can impact the ability of an artificial water source to provide habitat for frogs.  McKinnon et 
al. (2005) found that clearing vegetation and cropping the slopes of a catchment dam 
prevented run-off, resulting in catchment dams drying up. 
 
1.6 DEVELOPMENT OF THE WIMMERA MALLEE DOMESTIC AND STOCK 
CHANNEL SYSTEM 
Increasing population, unreliable stream flows and periodic drought challenged the long-term 
viability of agriculture and settlement in the Wimmera and Mallee regions, and prompted 
action to develop more reliable water supplies.  The first attempts at regulating flows of the 
creeks and rivers in the region were made during the 1850s, with attempts to divert water 
from the Wimmera River into the Yarriambiack Creek (Clark 1969; van Veldhuisen 2001). 
The original Wimmera Mallee Domestic and Stock Channel System began in the 1860s and 
involved the construction of diversion weirs, storage reservoirs, dams and an extensive 
network of channels.  Many regional towns were connected to the channel system in the 
1880s.  Minyip, for example, was connected to a water supply from the Wimmera River via 
the Dunmunkle Creek and a 56 km long channel in 1886 (van Veldhuisen 2001).  Over a 
period of decades, this system expanded to include 12 storages that diverted water from the 
Wimmera and Glenelg Rivers and from various lakes (Caris 2005).  The gravity-fed system 
delivered water via 17,500 kilometres of open earthen channels to about 20,000 farm dams 
and 36 town reservoirs (LCC 1985; van Veldhuisen 2001; Caris 2005; see Figure 1.2).  
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Water is usually released down the channel system in winter to fill the farm dams and 
storage reservoirs.  Water levels then reduce as the water is consumed, evaporates or is lost 
through seepage.  Most farm dams will hold some level of water all year, though a few dry 
out completely (LCC 1985; McKinnon et al. 2005; E. Lee pers comm). 
Construction of the Wimmera Mallee Domestic and Stock Channel System utilised natural 
watercourses wherever possible.  Most of the natural waterways which course through the 
Wimmera and southern Mallee flow in a northerly direction, terminating in a lake.  Across the 
surrounding plains, many small depressions naturally fill with rainfall and run-off, creating 
wetlands.  These natural waterways, such as Yarriambiack Creek, Tyrrell Creek, Lalbert 
Creek and Dunmunkle Creek, only flowed in wet years or sometimes not at all (LCC 1985; 
van Veldhuisen 2001).  Most of these wetlands and waterways are fringed with Black Box 
vegetation, a wetland associated vegetation type (LCC 1974, 1985; Costermans 1983).  
Channels were often dug into the centre of creek beds, and dams were often excavated 
adjacent to creek beds or in naturally low-lying depressions (J. Starks pers obs). 
Little has ever been written about the environmental impacts of the Wimmera Mallee 
Domestic and Stock Channel System.  Its development came at the expense of the natural 
environment.  It introduced large scale changes to the natural hydrology of the region but did 
not remove waterways and waterbodies from the landscape.  Channels became much of the 
region’s flowing watercourses, but flowed over a much greater length and area than natural 
waterways (van Veldhuisen 2001; Caris 2005; Holmes 2007).  Creeks incorporated into the 
channel system still flowed, via the human-managed system, but the flow was usually 
restricted to the channel excavated into the creek bed, and therefore did not fill the natural 
depressions, waterholes, tributaries etc. of the original creek bed (Holmes 2007).  Similarly, 
farm dams filled from channels and became ‘waterbodies’ though their sides were steep and 
lacked the habitat diversity of natural wetlands (Brock & Jarman 2000; Caris 2005). 
As a water delivery system, the Wimmera Mallee Domestic and Stock Channel System is 
inefficient, with up to 85% of the water released being lost through seepage and evaporation 
by the time it reaches the extremities of the system (Caris 2005).  The Northern Mallee 
Pipeline, constructed between 1992 and 2002, replaced channels and dams in the northern 
part of the channel system with a closed water system of pipes and stock troughs (Caris 
2005; WIDCORP 2006a).  The Wimmera Mallee Pipeline was designed to deliver water to 
farms and towns in the Wimmera and southern Mallee region of north-western Victoria.  A 
consequence of this would be the permanent closing of the channel system and the loss of 
on-farm storage of water in dams (Caris 2005; WIDCORP 2006a).  The loss of this open 
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water resource was considered to have serious implications for biodiversity, particularly for 
water-dependent fauna (Conole et al. 2004). 
 
1.7 WILDLIFE AND THE WIMMERA MALLEE DOMESTIC AND STOCK 
CHANNEL SYSTEM 
There is little quantitative information available about the wildlife values on farms before 
construction of the Wimmera Mallee Domestic and Stock Channel System.  Information on 
the fauna, particularly birds, can be found in reports published by naturalists visiting the 
Wimmera and Mallee in the late 19th and early 20th century (e.g. Le Souëf 1887, 1893; 
Goudie 1898; Sullivan 1911).  The authors visited farming properties in the region and used 
these properties as bases for further exploration.  Their reports usually consist of lists of 
species seen in particular locations, with some notes on habitat and bird abundance.  For 
example, Le Souëf (1887) describes his visit to Albucutya Station, a pastoral on the edge of 
Lake Albacutya, in December 1886.  His account details observations of reptiles and birds 
encountered during his stay (Le Souëf 1887).  Goudie (1898) lists the birds found in the 
Birchip district.  Sullivan (1911) describes the birds seen during a visit to the lower reaches 
of the Wimmera River between April and November 1910.  He described the area as 
‘consisting mostly of land under wheat cultivation, with strips of low mallee bushes along the 
roads and division fences… while the river flats are thinly timbered with poor specimens of 
red gum and other eucalypts.’  The paper describes the birds seen in remnant patches of 
mallee, in cleared farmland, and along the Wimmera River and nearby wetlands. No mention 
is made of birdlife in the newly-constructed farm dams or channels (Sullivan 1911). 
Robertson et al. (1989) lists a variety of birds found in agricultural areas in north-western 
Victoria and found that some bird species have declined in abundance since European 
settlement through direct human impact, though the most notable changes in the status of 
many birds relates to habitat alteration and clearing.  Birds inhabiting woodlands have 
suffered severe declines.  Some species have disappeared from the region, while others still 
occur in remnant patches amid cleared land.  In contrast, species which favour open country 
have benefited from clearing, with farmland providing a greater area of suitable habitat.  
Farm dams (and sewerage ponds) were listed as providing additional wetland habitat for 
wading birds and waterbirds (Robertson et al. 1989). 
Very little is known about frogs (the only amphibians found in Australia), reptiles or mammals 
in the Wimmera and Mallee regions.  Littlejohn (1966) reviewed the distribution of frogs 
Victorian Mallee (though his study area extended further south and included the northern 
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and central Wimmera).  The review was based on museum specimens, published 
information and field surveys.  He identified 11 species and categorised and grouped these 
into five zoogeographic groups: 
• Central Australian—desert-adapted forms; 
• Riverine—forms restricted to the Murray River valley and larger rivers which cut 
across the Mallee and drain into the Murray River; 
• Bassian—cool temperature-adapted forms which penetrate into the Mallee from 
cooler regions south; 
• Eyrean—warm temperature forms which range north and west of the Diving Range; 
and 
• Wide-ranging forms whose distribution extends beyond the above categories. 
Littlejohn (1966) provides general descriptions of species’ habitat and only specifically 
mentions two species (Limnodynastes dumerili and Neobatrachus sudelli) as occurring in 
dams.  A review of the fauna of the Mallee region by Robertson et al. (1989) states that 
artificial wetlands, such as farm dams and sewerage works, have provided additional habitat 
for frogs, including Limnodynastes tasmaniensis, L. dumerili and Crinia signifera. 
Historical information on reptiles in north-western Victoria is limited primarily to general 
accounts (e.g. Le Souëf 1887) or museum records (Rawlinson 1966).  Le Souëf (1887) 
describes reptiles encountered during his visit to Albacutya Station in December 1886.  
Reptile species mentioned include bloodsucker (possibly Grammatophora muricata) ‘death 
adders’ (Acanthophia antarcticus), stump-tail lizard, known locally as ‘wallops’ (Tiliqua 
rugosa), iguanas (=Varanus varius), and a freshwater tortoise (probably Chelodina 
longicollis) ‘several miles from water’ (Le Souëf 1887).  Changes to native vegetation from 
agricultural development, including clearing, burning and grazing, are considered to have 
greatly reduced the available habitat for many reptiles.  Few species of reptiles live in 
cleared agricultural habitats but remnant patches or strips of native vegetation may provide 
habitat for some species (Robertson et al. 1989). 
A study report produced by the Rural Water Commission of Victoria (1991) recognised that 
the natural environment of the region had been modified by rapid development.  This had 
resulted in degradation of the catchment’s natural resources, with various parts suffering 
serious problems such as soil erosion, land and water salinity, water pollution, rising water 
tables and loss of flora and fauna (RWCV 1991).  The report does not elaborate on the 
impacts of these on fauna. A report on the fauna of the Mallee region (Robertson et al. 1989) 
found that some fauna species, particularly waterbirds and frogs, have benefited from the 
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presence of farm dams (and sewerage ponds), providing additional wetland habitat and 
extending their range. 
An ecological assessment of the Wimmera and southern Mallee farm dams and channels in 
2003 found that the main values to wildlife of the present system are associated with 
waterbodies (i.e. dams) with appreciable wetland habitat and those associated with 
woodlands (Conole et al. 2004).  Channel-fed dams were considered to increase habitat 
availability, provide drinking, foraging, roosting and breeding opportunities for birds.  The 
channels themselves were considered to provide minimal biodiversity value due to the 
unreliability of the water supply (being dry for most of the year), except where rivers and 
creeks were used as channel sections (Conole et al. 2004).  Threats to birds that are 
associated with the existing channel system include increased risks of predation, altered soil, 
vegetation and drainage systems, and the disproportionate distribution of some bird species, 
where dams favour water dependent species at the expense of rarer species (Conole et al. 
2004). 
In 2003/2004, the Birchip Landcare Group commissioned fauna surveys at 28 open water 
sites in the Birchip district of north-western Victoria (Birchip Landcare Group 2006).  The 
surveys were conducted over four seasons in 2003/2004 and recorded 168 bird species, 16 
mammal, 17 reptile and six amphibian species, though some bird species listed are 
completely out of range (e.g. Squatter Pigeon) and should be considered erroneous.  The 
report compared the bird species recorded during the surveys with a list compiled in 1898 
(Goudie 1898) and concluded that the Wimmera and Mallee Stock and Domestic Channel 
System had not increased bird diversity in the Birchip region.  The report concluded that the 
loss of surface water in the region through decommissioning of the channel/dam system will 
reduce (wetland) habitat quality and stress water-dependent fauna such as waterbirds and 
frogs.  The report considered that the loss of surface water will also indirectly affect species 
occupying areas of ‘higher ecological productivity’ surrounding wetlands, such as woodland 
birds, reptiles, bats and other mammals.  A major reduction in the availability of surface 
water would contribute to a decline in the distribution and abundance of these species, and 
could result in the loss of many water-dependent species from the region (Birchip Landcare 
Group 2006). 
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1.8 THE PROBLEM AND PURPOSE OF THIS RESEARCH 
The Wimmera Mallee Pipeline Project was designed to replace open channels and farm 
dams in the southern part of the original Wimmera and Mallee Stock and Domestic Channel 
System.  The area to be replaced extended from the Wimmera River and districts around 
Horsham in the south, north through the Wimmera plains to the southern Mallee region, 
reaching the southern extent of the Northern Mallee Pipeline around Sea Lake, Kerang and 
Swan Hill, in the north (Caris 2005).  Figure 1.2 shows the extent of the southern part of the 
Wimmera and Mallee Stock and Domestic Channel System, the Northern Mallee Pipeline 
and major towns in the region. 
No detailed assessment of the impact that the Northern Mallee Pipeline would have on 
wildlife on farms was ever carried out.  Environmental assessments were conducted prior to 
construction of each stage of the pipeline, but these focussed on the potential impact on 
native vegetation and habitat values, rather than on fauna (e.g. Delaney & Sluiter 2003).  
Community perceptions of the environmental impact of the Northern Mallee Pipeline were 
explored, post-construction, in 2006.  Survey respondents expressed concern for the loss of 
wildlife in the region as a result of the loss of farm dams, and the effect this would have on 
birdlife, particularly waterbirds.  Comments included mention of ‘wildlife’, and ‘native 
animals’, but no respondents mentioned and specific faunal group (WIDCORP 2006a). 
Following concern from local farmers and regional communities in the Wimmera Mallee 
Pipeline area that the loss of channels and dams could lead to a loss of habitat and wildlife 
on farms, the Birchip Cropping Group developed a research project to investigate the 
biodiversity values around different on-farm watering points, and to investigate the potential 
of providing artificial watering points for wildlife to maintain biodiversity on farms.  The main 
research questions were: 1) what are the wildlife values of the various on-farm watering 
points, and 2) could purpose-built artificial wildlife ponds provide a degree of replacement 
open water habitat for wildlife on farms function and act as an adequate offset against any 
negative effects caused by the closure of the open water channel and dam system? 
 
1.9 STUDY AREA 
The original Wimmera Mallee Domestic and Stock Channel System delivered water to farms 
and rural communities across an area covering 2.9 million hectares, extending from the 
Grampians in the south to Ouyen and Underbool in the north (Caris 2005).  The northern 
part the system was piped, with the completion of the Northern Mallee Pipeline, in 2002. 
 16 
This study investigated the biodiversity values of on-farm water delivery systems in the 
Northern Mallee Pipeline and the remaining part of the Wimmera Mallee Domestic and Stock 
Channel System.  The study only looked at open, surface water availability, not ground water 
availability.  The study area extended approximately from Horsham in the south to Ouyen in 
the north, and from the Wimmera River east to Charlton.  Figure 1.2 shows the extent of the 
study area, the Northern Mallee Pipeline and the southern part of the Wimmera Mallee 
Domestic and Stock Channel System. 
Due to changing farming practices in the Wimmera and Mallee region, prevailing drought 
conditions and the consequent reduced flows through the Domestic and Stock Channel 
System, many farm dams were not filled during annual releases in the early to mid 2000s.  
Therefore, to adequately represent the agricultural areas still serviced by the stock and 
domestic channel system, sites were chosen where properties still received water through 
the channel system. 
In the Northern Mallee Pipeline region, the on-farm water points investigated were stock 
troughs only.  In the Wimmera Mallee Domestic and Stock Channel System, the on-farm 
water points investigated were farm dams, channels and stock troughs.  The BCG 
investigation began in 2005 and was completed in 2007. 
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Figure 1.2  Map of study area showing towns, roads (in grey) the distribution of channels (blue), the 
Northern Mallee Pipeline (brown) and surrounding mallee vegetation (dark green), as it existed in 
2005.  The location of study sites are shown in red dots. 
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2.  FAUNAL VALUES OF EXISTING ON-FARM WATER POINTS 
 
2.1 INTRODUCTION 
The primary purpose of an on-farm water point is to provide water for stock.  They are 
generally either a small trough filled from a reticulated system or an open water source such 
as a farm dam.  Farm dams can be either a catchment dam fed by runoff from rainfall, a 
channel-fed dam receiving annual fills via a system of channels, or a dam fed by a bore. 
Beyond their primary function, farm dams are also an open water habitat and thus can have 
a profound influence on fauna within a region, particularly in an arid landscape (James et al. 
1999).  Direct effects of these open water points include the development of wetlands, the 
increase in abundance and expansion of range of water-dependant fauna, changes in local 
vegetation communities due to grazing and the attraction of potential predators (James et al. 
1999). 
In Australia, some native terrestrial mammals, mainly macropods, have benefited from the 
provision of on-farm water points and have increased in distribution and abundance 
(Robertson et al. 1989; James et al. 1999).  Water-dependent birds have also expanded 
their geographic distribution and increased in abundance with the provision of stock water 
points, particularly granivorous species (Fisher et al. 1972; Williams & Wells 1986; James et 
al. 1999).  Freshwater turtles have benefited from stock water points, and will congregate in 
dams during dry conditions (Brock & Jarman 2000; McKinnon et al. 2005).  Frogs are widely 
known to also utilise stock water points and will readily occupy and breed in farm dams 
(Robertson et al. 1989; Hazell et al. 2001; Wassens et al. 2007). 
Troughs will replace farm dams as the main source of water for livestock on farms in the 
Wimmera and southern Mallee (Caris 2005).  Stock troughs are situated above ground and 
receive water via a reticulated system of pipes and valves.  They are generally constructed 
out of concrete or plastic and are either round or rectangular.  All are steep-sided and 
generally stand 300 to 500 mm high (Caris 2005).  When not in use, troughs can be turned 
off and will dry up (Caris 2005).  Stock troughs do not make good habitat for water-
dependant wildlife.  While most mammals and birds can reach the water and drink from 
troughs (Long 1959; Bird 1992; Schemnitz et al. 1998), turtles and many frog species and 
usually cannot, though tree frogs are able to climb into troughs, cisterns and other objects 
(Barker et al. 1995; Ochre Archives website).  The steep sides and slippery nature of plastic 
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can be a hazard to birds and birds coming to stock troughs to drink can fall in and drown, 
unable to escape (Schemnitz et al. 1998; Caris 2005; J. Starks pers obs). 
There is little quantitative information available about the wildlife distribution and abundance  
on farms in the region currently serviced by the Wimmera Mallee Domestic and Stock 
Channel System, nor for farms in the region serviced by the Northern Mallee Pipeline.  There 
has also been no detailed environmental impact assessment of the potential impact on fauna 
from the de-commissioning of the channel system and development of the Wimmera Mallee 
Pipeline (see Chapter 1). 
Community perceptions of the impact that the Northern Mallee Pipeline had on the 
environment, after its completion, were explored in 2006.  Survey respondents believed that 
there had been changes in wildlife due to the introduction of the pipeline but views were 
mixed.  A few respondents mentioned birds.  It was generally felt that the loss of dams 
resulted in a loss of waterbirds, and that plastic troughs were a hazard to birds because of 
their smooth, rounded lip.  No respondents specifically mentioned frogs (WIDCORP 2006a). 
Similar community perception studies were conducted in the Wimmera Mallee Pipeline 
region, pre-construction, in 2007.  The survey focused mainly on agronomic and water 
supply issues.  Few respondents expressed concern for the impact on recreation and 
wildlife, and most comments centred on fishing and yabbying (Insightrix undated, 2008). 
The Birchip Landcare Group commissioned a study in 2003 to survey wetland-dependent 
fauna at natural and artificial wetlands in the Birchip region.  The impetus for the study was 
the proposed development of the Wimmera Mallee Pipeline and the consequent 
replacement of open channels and dams.  The report concluded that a major reduction in the 
availability of surface water would contribute to a decline in the distribution and abundance 
of fauna, and could result in the loss of many water-dependent species from the region 
(Birchip Landcare Group 2006). 
Following widespread farmer concerns in the southern Mallee and Wimmera regions for the 
impact on wildlife that development of the Wimmera Mallee Pipeline and the loss of farm 
dams would have, the Birchip Cropping Group (BCG) developed a study to assess the 
potential impact on water-dependent fauna on farms that the de-commissioning the 
Wimmera Mallee Domestic and Stock Channel System would have.  The aims of the study 
were to undertake a detailed assessment of the existing fauna values on farms within the 
Wimmera Mallee Domestic and Stock Channel System and Northern Mallee Pipeline region.  
The study was developed in conjunction with CSIRO Sustainable Ecosystems and managed 
by a steering committee with representatives from CSIRO, Grampians Wimmera Mallee 
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Water, BCG and the Mallee, Wimmera and North Central Catchment Management 
Authorities.  It investigated the existing wildlife values of the different on-farm water supply 
points in both the Wimmera Mallee Channel/dam region and the Northern Mallee Pipeline.  
An integral part of the study was also to determine whether any degree of habitat function for 
water-dependent fauna can be maintained in a pipeline farming landscape through strategic 
use of a purpose-built water point for native fauna. 
Assessing the existing faunal values on farms within the Wimmera Mallee Domestic and 
Stock Channel System and Northern Mallee Pipeline region would improve our 
understanding of biodiversity on farms within these two water delivery systems and allow an 
assessment of the likely fauna impacts after the Wimmera Mallee Pipeline is complete.  It 
would also determine whether artificial wildlife ponds could provide habitat for water-
dependent fauna and provide a level of habitat ‘compensation’ at the local scale. 
 
2.2 METHODS 
To assess the existing biodiversity values on farms of the two different water delivery 
systems, eight study treatments were investigated. These covered the different on-farm 
water delivery points of dams, channels and stock troughs in cropped/grazed paddocks and 
in woodlands, an experimental wildlife water trough in a woodland, and a control site, a 
woodland with no available water. 
2.2.1 Study Site 
The study area extended approximately from Horsham (Latitude 36° 40’ S) in the south to 
Ouyen (Latitude 35° 00’ S) in the north, and from the Wimmera River (Longitude 142° 00’ E) 
east to Charlton (Longitude 143° 30’ E).  The Wimmera and southern Mallee channel/dam 
network and the Northern Mallee Pipeline network as it existed in 2005 is shown in Figure 2.  
The distribution of Mallee woodland within the study region is also shown. 
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Climate 
The southern end of the study area receives approximately 420mm annual rainfall, of which 
77% falls within the cropping growing season (April to November).  The northern end of the 
study area receives approximately 330mm annual rainfall, of which 73% falls within the 
cropping growing season.  Mean monthly temperatures range from 13.6°C to 31.0°C in the 
south, and from 15.1°C to 32.3°C in the north (BOM website).  Figure 2.1 shows the mean 
monthly temperature and mean monthly rainfall figures for Horsham and Ouyen. 
Soils and vegetation 
The study area occurs within three Victorian bioregions, being the Wimmera, Lowan Mallee 
and Murray Mallee Bioregions (DSE website).  The Wimmera bioregion is typified by flat to 
gently undulating plains in the east, with black and grey cracking clay soils.  It supports 
predominantly open grassy woodlands, and some shallow wetland ecosystems.  Dominant 
tree species include Yellow Gum Eucalyptus leucoxylon, Red Gum E. camaldulensis, Grey 
Box E. microcarpa and Buloke Allocasuarina luehmannii, with an open shrubby and grassy 
understorey (LCC 1985; WCMA 2003; DSE website).  The Lowan Mallee bioregion is 
typified by a complex array of white sand dunes with intervening sand sheets and clay silt 
plains.  The vegetation is dominated by Mallee and Mallee Heath Woodlands, with areas of 
Scrub-pine and Yellow Gum Woodland.  The Murray Mallee bioregion is typified by broad 
undulating sandy plains and low sand dunes with intervening heavier swales. The vegetation 
is dominated by grassy woodlands, Mallee, but with areas of Black Box E. largiflorens 
swampland and Red Gum/ Black Box-lined watercourses (Rohan & Downes 1963; LCC 
1974, 1985; DSE website). 
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Figure 2.1  Mean monthly temperature and mean monthly rainfall figures for Horsham and Ouyen, 
Victoria.  Source: Bureau of Meteorology website). 
 
Mallee is naturally an arid vegetation community.  Mallee is also the most widespread 
vegetation type in the study region and most of the mallee vegetation occurring on the more 
fertile sandy loam soils was cleared for farms (LCC 1974, 1985; Costermans 1983).  As a 
result, most of the remnant patches of vegetation on farms within the study area comprise 
mallee vegetation.  Construction of the channel/dam system introduced a regular, and 
largely reliable open water resource to large areas of the mallee landscape (van Veldhuisen 
2001).  Much of the remnant mallee vegetation across the region today now has an 
association with artificial sources of water. 
In contrast, Black Box woodland is a wetland-associated vegetation type and supports a 
greater array of water-dependent fauna than Mallee vegetation (LCC 1974, 1985).  Black 
Box occurs naturally along the edges of watercourses, fringing wetlands and in clay pan flats 
receiving periodic inundation (LCC 1974, 1985; Costermans 1983; DSE website).  During 
construction of the Wimmera Mallee Domestic and Stock Channel System, many of the 
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smaller waterways in the region were incorporated into the channel/dam system and had 
channels dug through the stream bed (van Veldhuisen 2001).  Because of this, many farm 
dams were built alongside Black Box lined waterways (J. Starks, pers obs). 
2.2.2 Sampling Design 
To test the faunal differences between on-farm watering points in the Northern Mallee 
Pipeline region and Wimmera-Mallee Channel/dam region, the following study treatments 
were chosen: 
Northern Mallee Pipeline region 
• Treatment 1 – an active stock trough in an open paddock that is cropped and grazed, 
• Treatment 2 (deleted) – an active stock trough in a woodland, and 
• Treatment 3 – a woodland with no available water.  This treatment was used as a control 
treatment for the influence of water in a woodland. 
 
It became apparent after initial site visits that stock troughs in stands of suitable woodland 
were not a common feature of the landscape in the Northern Mallee Pipeline region.  Stock 
troughs were either situated in the middle of an open paddock or near a few isolated trees.  
Only one stock trough in a mallee woodland of suitable size could be located.  As a result, 
Treatment 2 was deleted from the study. 
Wimmera Mallee Channel/dam region 
• Treatment 4 – an existing farm dam in an open paddock that is cropped and grazed, 
• Treatment 5 – existing dam in a woodland that is grazed, 
• Treatment 6 – existing stock trough in an open paddock that is cropped and grazed, 
• Treatment 7 – existing channel in an open paddock that is cropped and grazed, and 
• Treatment 8 – a woodland with no available water.  This treatment was used as a control 
treatment for the influence of water in woodlands. 
 
The study treatments allowed comparisons between the different on-farm water points.  The 
influence of woodlands and the influence of an open water resource (farm dam) on fauna 
could be tested.  Each treatment was replicated four times, thus giving eight study sites in 
the Northern Mallee Pipeline region and 20 sites in the Wimmera Mallee Channel/dam 
region. 
2.2.3 Selection of study sites 
The study sites for the seven remaining treatments being investigated were selected 
according to the following conditions.  Sites in open paddocks were selected to be 
representative of an active farming practice.  Paddocks had to be under crop and/or grazed 
at some point during the study period.  Channels in open paddocks, rather than woodlands 
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were chosen because channels run for only a very brief period during the year, and are dry 
for the remainder.  Dry channels in open paddocks would serve as a comparison with the 
presence of water in open paddocks (via the on-farm water points); a dry channel in a 
woodland would replicate the treatment of woodlands with no available water. 
Woodland sites of a minimum of ten hectares in size were required because it is recognised 
that biodiversity values decrease significantly in woodlands of less than ten hectares (Barrett 
et al. 1994; Seddon et al. 2003; Watson et al. 2001).  The ecological vegetation class (EVC) 
group chosen for woodland sites was Mallee on clay loam or calcareous soils because this 
EVC group is widespread, though scattered in both the Northern Mallee Pipeline region and 
the Wimmera Mallee Channel/dam region.  Black Box woodlands would have been 
preferable but there were insufficient remnant patches across the study area to 
accommodate the seven study treatments with replicated sites.  Sites were spaced at least 3 
km apart to maintain a degree of independence between sites.  This spacing was chosen 
because the home range of most woodland bird species is significantly less than three 
kilometres (Higgins & Peter 2002) and therefore the likelihood of fauna moving between 
sites is minimal.  To reduce any influence of a non-treatment water point on fauna at a 
treatment site, study sites were selected so that the treatment water point was at least 900 
metres away from the next nearest water source. 
Because natural drainage lines are rare in the Mallee, woodland sites were chosen in which 
channels, whether active or dis-used, ran through or nearby.  Crown land reserves, including 
fauna and flora reserves, were chosen as control woodland sites (treatments 3 and 8) 
because these provided relatively intact vegetation and were either ungrazed or had not 
been grazed for at least 10 years.  It is acknowledged that sites in treatment 5, a dam in a 
woodland, could be grazed periodically, usually over summer after the surrounding crops are 
harvested.  This could, to some extent, confound comparisons with the ungrazed control 
woodland sites. 
Where possible, sites with channels, stock troughs and farm dams in open paddocks were 
selected that were a minimum of 200 metres from nearby trees.  This was because the 
presence of trees would introduce an influence of woodland fauna which could affect the 
results for open paddock sites.  A 200 metre spacing would reduce the likelihood of birds 
flying to and from trees during the fauna surveys and potentially skewing the results.  Dam 
sites had to include active dams that would be filled from channel water during the study 
period.  Similarly, it was necessary that channel sites be situated on channels that would 
carry water during the 2005 winter release. 
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In the Northern Mallee Pipeline region, stock troughs are the only source of water readily 
available on farms.  They are usually gravity-fed from a nearby water tank, which is 
connected to the pipeline.  Figure 2.2 shows typical a stock trough and water tank in the 
Northern Mallee Pipeline region. 
 
 
Figure 2.2  Concrete stock trough and nearby water tank in a cropped paddock in the Northern 
Mallee Pipeline region. 
 
Stock troughs in areas serviced by the Wimmera Mallee Channel/dam system were 
connected by landowners to a piped water supply, usually water pumped from a nearby dam 
on the property.  During times of drought, temporary troughs are placed in paddocks, with 
water supplied from a tank on the back of a truck parked next to the trough (J. Starks pers 
obs; see Figure 2.3, below).  For this study, all stock troughs in study sites in the Wimmera 
Mallee Channel/dam region were connected to a piped water supply. 
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Figure 2.3  Temporary stock trough in the northern Wimmera, filled by water from a parked tanker 
truck. 
 
Sites were initially identified using ArcView (©ESRI) with GIS layers for EVCs, watercourses, 
the channel network and Northern Mallee pipeline system.  Visits were then made to 
potential sites to ensure they met the required criteria.  Twenty-eight study sites were 
chosen, comprising four replicates each of the seven treatment types. 
Each study site comprised a 2 hectare area with the treatment water source in the centre, or 
where this was not possible, at the edge.  Farm dams in woodlands were invariably situated 
near the edge of the woodland, so the 2 hectare areas selected included only the area 
occupied by the dam and dam bank, with the woodland making up the rest of the 2 hectares. 
2.2.4 Fauna Sampling 
Birds 
Birds are considered good indicators of biodiversity because they are highly visible and 
active during the day, occupy a wide range of ecological niches and their habitat 
requirements are generally well known (Birds Australia 2003).  The bird survey methodology 
used was a variation of the Birds Australia 20 minute/ 2 hectare search approach (see 
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Barrett et al. 2003).  As well as recording the presence of a species within the 2 hectare site, 
the number of individuals of each species was counted. 
Bird surveys were conducted in the morning, commencing before 11:00 am.  The treatment 
water source was watched carefully on initial approach in case any birds were disturbed.  A 
meandering course was then walked inside the 2 hectare study area to ensure full coverage.  
Species were identified visually and by call.  Records were also kept of incidental 
observations at the study sites during other visits. 
Bird surveys were conducted between June 2005 and June 2006.  Each site was surveyed 
once per season for four seasons, and thus each site was surveyed four times. 
Mammals 
Mammal surveys were conducted within the 2 hectare area for 20 minutes.  Diurnal mammal 
surveys were conducted simultaneously with the bird surveys.  Each site was surveyed four 
times (see Birds, above). 
Nocturnal surveys were conducted from one hour after sunset using a spotlight.  The 
spotlight searches were conducted for 20 minutes, within the 2 hectare study area.  Each 
site was surveyed three times during the study period.  No nocturnal surveys were 
conducted during winter months because they are the coldest months of the year (see 
Figure 2.1) and a period of lower activity of many fauna species, such as reptiles and bats 
(Lumsden & Bennett 1995; Cogger 2000).  All nocturnal fauna were recorded, including 
mammals, birds, reptiles, frogs and other fauna such as fish, yabbies etc.  Frogs and birds 
were identified both visually and by call.  Mammals and other fauna were identified visually. 
For bats, an Anabat bat detector was set up at the study sites to record species and 
frequency of bat passes.  Anabat recordings were made for a minimum of six hours, starting 
from half an hour after dusk.  Anabat detectors record the ultrasonic echolocation call of a 
bat every time it passes through the detection area of the microphone.  A data logger 
recorded each series of ultrasonic calls as a file, considered as one ‘pass’ of the detector by 
a bat.  The frequency pattern of the call allows for species identification.  For some 
recordings, the frequency and shape of the recording did not allow accurate identification, so 
this was listed as bat species not identified.  The number of files per recording session is a 
measure of passes by bats, not the number of bats.  The number of passes is thus a 
measure of bat activity.  Bats were also occasionally seen during the nocturnal surveys.  
Scientific names of birds and mammals referred to in this report are listed in Appendix 1. 
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Reptiles and Frogs 
Frog and reptile searches were conducted during the day for 30 minutes.  This involved 
searching for frogs and reptiles under objects within the2 hectare site.  As part of the survey 
methodology, artificial refuges were also employed.  The artificial refuges used were based 
on established reptile and amphibian survey methods, providing cover under which animals 
seek refuge and which can be lifted to expose sheltering individuals (see Fellers & Drost 
1994; Hampton 2007; Wilson et al. 2007; O’Connell & Ferraro 2011).  Three sheets of 
corrugated iron were placed at distances around each on-farm water point, the nearest 
placed within five metres of the water point, the furthest approximately 10 metres.  Each 
sheet was 1.5 metres long and 0.76 metres wide.  The corrugated iron sheet was placed on 
four cement roofing tiles, one at each corner of the sheet of tin.  This raised the sheet 
approximately 5 cm off the ground.  Two additional cement roofing tiles were placed on top 
of the sheet, one on each end, to weigh the tin down and prevent it being blown away by 
wind. 
Reptile and frog surveys were conducted between June 2005 and June 2006.  Each site was 
surveyed once per season for four seasons, and thus each site was surveyed four times.  
Reptile and frog presence was recorded during the nocturnal surveys, and incidental records 
during the day and at night.  Reptile species were identified visually and were not trapped.  
Frogs species were identified visually and by calls.  All frog species found within the study 
area are dependent on water for all or part of their life cycle (see Chapter 3).  Eastern 
Snake-necked Turtle Chelodina longicollis is the only water-dependent reptile which occurs 
in the area, though other reptile species, such as the Stumpy-tail Tiliqua occipitalis, will drink 
in summer (Cogger 2000; J. Starks pers obs). 
Other Fauna 
The presence of fish, water-dependent invertebrates and other fauna was recorded during 
the surveys.  These were included as part of the diurnal surveys and nocturnal surveys, and 
as incidental records during other visits to sites. 
Survey details for each of the 28 study sites, their treatment type, site code used for data 
storage and analysis, geographic region and habitat type of each site, plus the date each 
faunal group was surveyed are shown in Table 2. 
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Table 2.  Survey details of the 28 study sites listed by treatment and showing their site code, geographic region, habitat type and the dates of each survey 
for the four faunal groups. 
Treatment 
Site 
Code Geographic Region Habitat Type 
Faunal group surveyed and survey dates 
Frogs/ 
Reptiles Birds Mammals Nocturnal 
1.  Stock trough 
  
NST1 
  
Northern Mallee Pipeline region 
  
open paddock 
  
26/08/2005 28/07/2005 28/07/2005 - 
4/11/2005 4/11/2005 4/11/2005 3/11/2005 
20/01/2006 20/06/2006 20/06/2006 19/01/2006 
16/03/2006 16/03/2006 16/03/2006 3/04/2006 
1.  Stock trough 
  
NST2 
  
Northern Mallee Pipeline region 
  
open paddock 
  
4/08/2005 4/08/2005 4/08/2005 3/08/2005 
6/09/2005 6/09/2005 6/09/2005 9/11/2005 
23/02/2006 23/02/2006 23/02/2006 22/02/2006 
12/05/2006 27/05/2006 27/05/2006 - 
1.  Stock trough 
  
NST3 
  
Northern Mallee Pipeline region 
  
open paddock 
  
8/06/2005 8/06/2005 8/06/2005 - 
6/09/2005 6/09/2005 6/09/2005 6/09/2005 
23/02/2006 23/02/2006 23/02/2006 22/02/2006 
21/04/2006 21/04/2006 21/04/2006 18/05/2006 
1.  Stock trough 
  
NST4 
  
Northern Mallee Pipeline region 
  
open paddock 
  
26/08/2005 4/08/2005 4/08/2005 - 
4/11/2005 4/11/2005 4/11/2005 3/11/2005 
9/02/2006 9/02/2006 9/02/2006 8/02/2006 
4/04/2006 4/04/2006 4/04/2006 18/05/2006 
3.  Control 
  
NC1 
  
Northern Mallee Pipeline region 
  
Mallee woodland 
  
19/05/2005 19/05/2005 19/05/2005 - 
8/06/2005 8/6/2005 8/6/2005 29/11/2005 
7/09/2005 7/09/2005 7/09/2005 8/02/2006 
21/04/2006 21/04/2006 21/04/2006 20/04/2006 
3.  Control 
  
NC2 
  
Northern Mallee Pipeline region 
  
Mallee woodland 
  
26/08/2005 21/07/2005 21/07/2005 - 
4/11/2005 4/11/2005 4/11/2005 3/11/2005 
20/01/2006 20/01/2006 20/01/2006 19/01/2006 
19/05/2006 4/04/2006 4/04/2006 18/05/2006 
3.  Control 
  
NC3 
  
Northern Mallee Pipeline region 
  
Mallee woodland 
  
21/07/2005 21/07/2005 21/07/2005 - 
22/09/2005 22/09/2005 22/09/2005 25/08/2005 
16/02/2006 16/02/2006 16/02/2006 29/11/2005 
4/05/2006 4/05/2006 4/05/2006 24/05/2006 
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Table 2.  Continued 
Treatment 
Site 
Code Location Habitat Type 
Faunal group surveyed and survey dates 
Frogs/ 
Reptiles Birds Mammals Nocturnal 
3.  Control 
  
NC4 
  
Northern Mallee Pipeline region 
  
Mallee woodland 
  
26/08/2005 13/05/2005 13/05/2005 - 
4/11/2005 21/07/2005 21/07/2005 29/11/2005 
9/02/2006 7/09/2005 7/09/2005 8/02/2006 
19/05/2006 9/02/2006 9/02/2006 24/05/2006 
4.  Farm dam 
  
DP1 
  
Wimmera Mallee Channel/ dam 
region 
  
open paddock 
  
19/08/2005 18/05/2005 18/05/2005 - 
26/10/2005 3/08/2005 3/08/2005 22/09/2005 
14/12/2005 26/10/2005 26/10/2005 16/02/2006 
12/04/2006 14/12/2005 14/12/2005 29/03/2006 
4.  Farm dam 
  
DP2 
  
Wimmera Mallee Channel/ dam 
region 
  
open paddock 
  
24/08/2005 23/06/2005 23/06/2005 6/10/2005 
12/10/2005 7/10/2005 7/10/2005 5/01/2006 
1/02/2006 1/02/2006 1/02/2006 12/04/2006 
12/04/2006 13/04/2006 13/04/2006 - 
4.  Farm dam 
  
DP3 
  
Wimmera Mallee Channel/ dam 
region 
  
open paddock 
  
22/06/2005 22/06/2005 22/06/2005 - 
1/09/2005 3/11/2005 3/11/2005 2/09/2005 
5/01/2006 5/01/2006 5/01/2006 5/01/2006 
24/03/2006 24/03/2006 24/03/2006 24/03/2006 
4.  Farm dam 
  
DP4 
  
Wimmera Mallee Channel/ dam 
region 
  
open paddock 
  
24/08/2005 28/07/2005 28/07/2005 - 
11/11/2005 11/11/2005 11/11/2005 10/11/2005 
15/02/2006 15/02/2006 15/02/2006 5/01/2006 
19/04/2006 19/04/2006 19/04/2006 24/05/2006 
5.  Farm dam 
  
DT1 
  
Wimmera Mallee Channel/ dam 
region 
  
Mallee woodland 
  
24/08/2005 29/07/2005 29/07/2005 6/10/2005 
2/11/2005 2/11/2005 2/11/2005 2/03/2006 
31/01/2006 31/01/2006 31/01/2006 25/05/2006 
26/04/2006 22/03/2006 22/03/2006 - 
5.  Farm dam 
  
DT2 
  
Wimmera Mallee Channel/ dam 
region 
  
Mallee woodland 
  
2/09/2005 20/07/2005 20/07/2005 - 
13/01/2006 2/09/2005 2/09/2005 10/11/2005 
31/03/2006 13/01/2006 13/01/2006 12/01/2006 
1/06/2006 31/03/2006 31/03/2006 31/05/2006 
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Table 2.  Continued 
Treatment 
Site 
Code Location Habitat Type 
Faunal group surveyed and survey dates 
Frogs/ 
Reptiles Birds Mammals Nocturnal 
5.  Farm dam 
  
DT3 
  
Wimmera Mallee Channel/ dam 
region 
  
Mallee woodland 
  
24/08/2005 13/07/2005 13/07/2005 - 
21/10/2005 25/10/2005 25/10/2005 28/11/2005 
9/03/2006 1/02/2006 1/02/2006 31/01/2006 
27/04/2006 27/04/2006 27/04/2006 12/04/2006 
5.  Farm dam 
  
DT4 
  
Wimmera Mallee Channel/ dam 
region 
  
Mallee woodland 
  
26/08/2005 29/07/2005 29/07/2005 - 
21/10/2005 11/11/2005 11/11/2005 28/11/2005 
22/02/2006 22/02/2006 22/02/2006 23/02/2006 
27/04/2006 27/04/2006 27/04/2006 3/05/2006 
6.  Stock trough 
  
ST1 
  
Wimmera Mallee Channel/ dam 
region 
  
open paddock 
  
13/07/2005 13/07/2005 13/07/2005 - 
1/09/2005 10/10/2005 10/10/2005 10/08/2005 
2/03/2006 14/12/2005 14/12/2005 3/03/2006 
1/04/2006 1/04/2006 1/04/2006 4/05/2006 
6.  Stock trough 
  
ST2 
  
Wimmera Mallee Channel/ dam 
region 
  
open paddock 
  
5/09/2005 13/07/2005 13/07/2005 - 
26/10/2005 26/10/2005 26/10/2005 21/10/2005 
8/02/2006 8/02/2006 8/02/2006 29/03/2006 
10/03/2006 10/03/2006 10/03/2006 4/05/2006 
6.  Stock trough 
  
ST3 
  
Wimmera Mallee Channel/ dam 
region 
  
open paddock 
  
25/08/2005 25/08/2005 25/08/2005 - 
26/10/2005 26/10/2005 26/10/2005 21/10/2005 
15/02/2006 15/02/2006 15/02/2006 17/02/2006 
20/04/2006 20/04/2006 20/04/2006 29/03/2006 
6.  Stock trough 
  
ST4 
  
Wimmera Mallee Channel/ dam 
region 
  
open paddock 
  
25/08/2005 3/08/2005 3/08/2005 - 
21/10/2005 21/10/2005 21/10/2005 20/10/2005 
4/01/2006 4/01/2006 4/01/2006 3/01/2006 
30/03/2006 30/03/2006 30/03/2006 25/05/2006 
7.  Channel 
  
CH1 
  
Wimmera Mallee Channel/ dam 
region 
  
open paddock 
  
3/08/2005 3/04/2005 3/04/2005 - 
2/09/2005 11/11/2005 11/11/2005 10/11/2005 
16/02/2006 16/02/2006 16/02/2006 17/02/2006 
17/05/2006 17/05/2006 17/05/2006 24/05/2006 
 
 32 
Table 2.  Continued 
Treatment 
Site 
Code Location Habitat Type 
Faunal group surveyed and survey dates 
Frogs/ 
Reptiles Birds Mammals Nocturnal 
7.  Channel 
  
CH2 
  
Wimmera Mallee Channel/ dam 
region 
  
open paddock 
  
31/08/2005 2/08/2005 2/08/2005 17/08/2005 
26/10/2005 26/10/2005 26/10/2005 21/10/2005 
24/02/2006 14/12/2005 14/12/2005 - 
10/03/2006 10/03/2006 10/03/2006 29/03/2006 
7.  Channel 
  
CH3 
  
Wimmera Mallee Channel/ dam 
region 
  
open paddock 
  
11/08/2005 22/06/2005 22/06/2005 - 
3/11/2005 3/11/2005 3/11/2005 2/11/2005 
5/01/2006 5/01/2006 5/01/2006 4/01/2006 
24/03/2006 24/03/2006 24/03/2006 23/03/2006 
7.  Channel 
  
CH4 
  
Wimmera Mallee Channel/ dam 
region 
  
open paddock 
  
24/08/2005 18/08/2005 18/08/2005 - 
21/10/2005 21/10/2005 21/10/2005 11/10/2005 
4/01/2006 4/01/2006 4/01/2006 17/02/2006 
19/04/2006 19/04/2006 19/04/2006 21/03/2006 
8.  Control 
  
C1 
  
Wimmera Mallee Channel/ dam 
region 
  
Mallee woodland 
  
31/08/2005 1/07/2005 1/07/2005 31/08/2005 
28/11/2005 25/10/2005 25/10/2005 28/11/2005 
12/01/2006 12/01/2006 12/01/2006 3/05/2006 
12/05/2006 13/04/2006 13/04/2006 - 
8.  Control 
  
C2 
  
Wimmera Mallee Channel/ dam 
region 
  
Mallee woodland 
  
18/08/2005 17/06/2005 17/06/2005 5/09/2005 
22/09/2005 2/11/2005 2/11/2005 5/01/2006 
22/02/2006 12/01/2006 12/01/2006 25/05/2006 
19/05/2006 26/05/2006 26/05/2006 - 
8.  Control 
  
C3 
  
Wimmera Mallee Channel/ dam 
region 
  
Mallee woodland 
  
18/08/2005 18/08/2005 18/08/2005 - 
20/10/2005 7/10/2005 7/10/2005 11/10/2005 
11/01/2006 24/02/2006 24/02/2006 31/01/2006 
17/05/2006 17/05/2006 17/05/2006 21/03/2006 
8.  Control 
  
C4 
  
Wimmera Mallee Channel/ dam 
region 
  
Mallee woodland 
  
3/08/2005 3/08/2005 3/08/2005 10/08/2005 
5/09/2005 5/09/2005 5/09/2005 - 
2/03/2006 19/01/2006 19/01/2006 18/01/2006 
20/04/2006 15/03/2006 15/03/2006 17/05/2006 
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2.2.5 Analytical Methods 
Data Recording 
Site visit details such as site number, treatment type, season, date, observer, time start and 
time finish were recorded on data sheets.  Species presence and abundance was recorded, 
and also whether water was available. 
Analysis 
Four sites were established for each treatment type, and each site was surveyed four times 
during the data collection period.  Therefore, 16 surveys were undertaken for each treatment 
type.  Data from each survey were tallied to determine the total number of individuals and 
total number of species recorded per survey for each of the faunal groups.  Totals could then 
be averaged for the 16 surveys of each treatment type and the standard error and range 
calculated.  Reporting rates for species recorded in treatment type were also calculated to 
give a measure of relative abundance.  A reporting rate is calculated by dividing the number 
of times a species is recorded by the total number of surveys undertaken. 
Statistical analysis was carried out using the methods described in Fowler & Cohen (1996).  
Analysis of means was performed using either a t test, ANOVA, or the non-parametric Chi-
square or U test, where appropriate.  Where the variances of the samples were not similar, a 
logarithmic transformation was carried out to ‘normalise’ the data.  For ANOVA tests, 95% 
confidence intervals were plotted on histograms to determine overlap and differences 
between the sample means.  For all other tests, standard error was plotted on the 
histograms (Fowler & Cohen 1996). 
To identify the variables that contribute to the similarity and the dis-similarity between 
treatments, a similarity percentage (SIMPER) was used based on the contributions of 
variables to the Bray-Curtis similarity matrix in the PRIMER software package (Clarke & 
Warwick 2001).  Differences between study sites can be displayed graphically by using a 
Mult-Dimensional Scaling (MDS) plot. 
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2.3 RESULTS 
Surveys in the Northern Mallee Pipeline region recorded 57 different species, including six 
reptile species, 42 bird species and seven mammal species.  No frogs were recorded in any 
of the study sites in the Northern Mallee Pipeline region.  Three introduced mammals and 
four native mammals, including three species of bat, were recorded.  Surveys in the 
Wimmera Mallee Channel/dam region recorded 74 different species, including six frog 
species, three reptile species, 57 bird species and at least eight species of mammals (some 
bats not identified to species level). 
The total number of individuals and total number of species recorded during the diurnal 
surveys for the four faunal groups in each of the seven treatments are shown in Table 2.1a.  
The total number of individuals and total number of species recorded during the nocturnal 
surveys for the four faunal groups in each of the seven treatments are shown in Table 2.1b.  
Some species, mainly bats, were only recorded at night, therefore the results are shown 
separately for diurnal surveys and nocturnal surveys. 
The species recorded for each faunal group (frogs, reptiles, birds, mammals) for sites in the 
Northern Mallee Pipeline region are shown on Appendix 2.1.  The species recorded for each 
faunal group for sites in the Wimmera Mallee Channel/dam region are shown on Appendix 
2.2.  Seasonal data are pooled for each site.  Bat data are pooled for each treatment and 
shown as present or not recorded. 
The results in Table 2.1a and Table 2.1b, and in Appendices 2.1 & 2.2 show that birds 
represent the most abundant and the most species-rich faunal group surveyed across the 
seven study treatments.  The diurnal surveys showed that bird abundance and bird species 
richness was highest in woodland treatments and lowest in open paddock treatments with 
channels or stock troughs (Table 2.1a). 
Reptiles were the second most abundant and species rich faunal group.  Overall, the diurnal 
surveys showed that reptile abundance was highest in woodland treatments and lowest at 
stock troughs in the Wimmera Mallee Channel/dam region, though species richness did not 
vary much across treatments (Table 2.1a).  The results for mammals showed no clear trends 
due to the very low numbers recorded.  No mammals were recorded during the day at farm 
dam in open paddock sites (Table 2.1a). 
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Table 2.1a.  Total number of individuals and total number of species recorded at each treatment type for the four faunal groups surveyed during diurnal 
surveys. 
 
 
Northern Mallee Pipeline 
region Wimmera Mallee Channel/dam region 
Treatment type (n=16 surveys) 
Stock 
Trough in 
open 
paddock 
Control 
Woodland 
Channel in 
open 
paddock  
Stock 
Trough in 
open 
paddock 
Farm Dam 
in open 
paddock 
Dam in 
Woodland 
Control 
Woodland 
Amphibians 
Total individuals 0 0 1 0 2 15 0 
Total species 0 0 1 0 1 3 0 
Reptiles 
Total individuals 10 33 9 4 10 61 42 
Total species 3 3 3 1 2 2 1 
Mammals 
Total individuals 2 5 1 2 0 4 5 
Total species 1 3 1 1 0 2 3 
Birds 
Total individuals 54 207 23 21 114 441 304 
Total species 8 37 6 6 20 36 32 
All fauna 
Total individuals 66 245 34 27 126 521 351 
Total species 12 43 11 8 23 43 36 
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Table 2.1b.  Total number of individuals and total number of species recorded at each treatment type for the four faunal groups surveyed during nocturnal 
surveys. 
 
Treatment type (n=12 surveys) 
Northern Mallee Pipeline 
region Wimmera Mallee Channel/dam region 
Stock 
Trough in 
open 
paddock 
Control 
Woodland 
Channel in 
open 
paddock  
Stock 
Trough in 
open 
paddock 
Dam in open 
paddock 
Dam in 
Woodland 
Control 
Woodland 
Amphibians 
Total individuals 0 0 1 0 8 77 0 
Total species 0 0 1 0 2 3 0 
Reptiles 
Total individuals 0 2 1 0 0 0 0 
Total species 0 1 1 0 0 0 0 
Birds 
Total individuals 2 2 4 1 41 26 5 
Total species 2 1 2 1 4 6 1 
Mammals 
Total individuals 1 3 0 0 5 61 20 
Total species 1 1 0 0 2 3 3 
All fauna 
Total individuals 3 7 6 1 54 164 25 
Total species 3 3 4 1 8 12 4 
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Amphibians (frogs) were recorded in three of the seven study treatments.  The three 
treatments were farm dam in an open paddock, farm dam in a woodland and channel in an 
open paddock.  Frogs were found in three of the four farm dam in woodland treatment sites.  
In the fourth, no frogs were recorded in the dam, but one species (Limnodynastes 
tasmaniensis) was found in water in a buried metal drum approximately 100 m from the edge 
of the dam.  Frogs were found in two of the farm dams in open paddock treatment sites. 
Frogs were also found in two of the channel treatment sites but only when the channels were 
flowing.  In addition, frogs (Neobatrachus pictus) were heard calling during a nocturnal 
survey of a control woodland site.  The calls were found to be coming from a channel flowing 
through the Mallee woodland approximately 500 metres away.  No frogs were recorded at 
stock troughs or in the control woodlands, where no open water was available. 
The overall species abundance and species richness for the diurnal surveys is shown in 
Figure 2.4a and the for the nocturnal surveys in Figure 2.4b.  Of the seven study treatments, 
the highest fauna species richness and abundance was recorded in the Wimmera Mallee 
Channel/dam region, in the dam in woodland treatment (Table 2.1a & 2.1b; Figures 2.4a & 
2.4b). 
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Figure 2.4a  Overall species abundance (Total individuals) and overall species richness (Total 
species) for the diurnal surveys at the seven treatments. 
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Figure 2.4b  Overall species abundance (Total individuals) and overall species richness (Total 
species) for the nocturnal surveys at the seven treatments. 
 
The two control woodland treatments also showed high species richness and abundance, 
with the control woodland in the Wimmera Mallee Channel/dam region showing higher 
species abundance than the Northern Pipeline region, with the latter supporting higher 
species richness (Figures 2.4a & 2.4b).  Of all the open paddock treatments, farm dams in 
open paddocks in the Wimmera Mallee Channel/dam region supported the highest species 
richness and abundance.  Species richness and abundance was poorest in the three open 
paddock treatments which lacked an open water source. 
The nocturnal surveys (Table 2.4b) did not generally provide a good indication of the relative 
differences in faunal values across the study treatments, particularly in the Northern Mallee 
Pipeline region.  The highest overall abundance and species richness was recorded at the 
dam in a woodland treatment, but the dam in an open paddock treatment also showed quite 
high overall species abundance and species richness, driven largely by birds (Table 2.1b).  
The large number of birds at dams was due to the abundance of waterfowl (Appendix 2.2), 
which seemed to favour farm dams in open paddocks as roost sites at night. 
Species richness and abundance for mammals was higher in the nocturnal surveys 
compared with the diurnal surveys.   Mammals were quite abundant at the two woodland 
treatments in the Wimmera Mallee Channel/dam region (Table 2.1b).  This was due mainly 
to numbers of Brush-tailed Possums recorded (Appendix 2.2).  Species richness and 
abundance for amphibians was also higher in the nocturnal surveys compared with the 
diurnal surveys. 
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Overall, the differences between treatments is due to significant differences in both species 
abundance and species richness (see Figures 2.4a & 2.4b, Tables 2.3a & 2.3b, Figure 2.5). 
These findings show that woodland sites, and sites with open water present support the 
highest levels of fauna, whereas open paddock sites without water are species poor.  The 
results also show that birds are the only faunal group present across all treatment types, 
have the greatest species richness and abundance, and are therefore likely to provide the 
best measure of relative biodiversity values across all the study treatments. 
ANOVA 
The species abundance and species richness were analysed by comparing the mean values 
for each of the seven study treatments.  Mean species abundance and mean species 
richness for the seven treatments are shown in Table 2.2 and Figure 2.5. 
 
Table 2.2  Mean species abundance and species richness for all fauna recorded during the diurnal 
surveys at the seven study treatments.  Standard Deviation, range and number of surveys are shown. 
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 Treatment type Mean Stand. Dev. Range N 
Stock Trough 
abundance 4.13 5.28 0—22 16 
richness 1.56 1.21 0—5 16 
Control Woodland 
abundance 15.31 7.29 2.31 16 
richness 6.38 2.58 2.12 16 
W
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a 
M
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e 
C
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Dam in Paddock 
abundance 7.88 10.18 0—42 16 
richness 3.19 2.48 0—9 16 
Channel in Paddock 
abundance 2.13 1.71 0—6 16 
richness 1.56 1.21 0—5 16 
Stock Trough 
abundance 1.69 1.99 0—7 16 
richness 0.94 0.85 0—3 16 
Dam in Woodland 
abundance 32.56 17.84 12.72 16 
richness 10.13 3.63 5—17 16 
Control Woodland 
abundance 21.94 14.3 5—49 16 
richness 6.31 2.8 3—12 16 
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Figure 2.5  Mean species abundance and species richness for all fauna recorded during the diurnal 
surveys at the seven study treatments.  Standard error bars are also shown. 
 
Analysis of the results across the seven treatments shows a highly significant difference 
between the means of both species abundance (ANOVA F6,105 = 21.301, P < 0.001) and 
species richness (ANOVA F6,105 = 34.897, P < 0.001) (Figure 2.5). 
To determine where the differences between treatments lay, paired t-tests were carried out 
on mean species abundance (Table 2.3a) mean species richness (Table 2.3b). 
Table 2.3a  Paired t-tests of the mean species abundance for the seven treatments. Grey 
highlighted cells are significantly different (P<0.05).  Green highlighted cells are woodland treatments. 
 
 STN CN DP DT STW CH CW 
STN        
CN 5.210       
DP 1.326 2.360      
DT 5.796 3.411 5.867     
STW 1.672 7.267 2.341 6.593    
CH 1.343 6.893 2.240 6.937 0.599   
CW 4.423 1.649 3.208 2.448 5.585 6.056  
 
STN = Stock trough in the Northern Mallee Pipeline region. 
CN = Control woodland in the Northern Mallee Pipeline region. 
DP = Farm dam in an open paddock. 
DT = Farm dam in a woodland. 
STW = Stock trough in the Wimmera Mallee Channel/dam region. 
CH = Channel in the Wimmera Mallee Channel/dam region. 
CW = Control woodland in the Wimmera Mallee Channel/dam region. 
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Table 2.3b  Paired t-tests of the mean species richness for the seven treatments. Grey highlighted 
cells are significantly different (P<0.05).  Green highlighted cells are woodland treatments. 
 
 STN CN DP DT STW CH CW 
STN        
CN 7.094       
DP 2.004 4.138      
DT 8.259 4.226 9.814     
STW 1.908 8.512 3.468 9.906    
CH 0 7.514 3.257 11.134 1.576   
CW 6.154 0.071 4.095 4.524 8.097 8.497  
 
STN = Stock trough in the Northern Mallee Pipeline region. 
CN = Control woodland in the Northern Mallee Pipeline region. 
DP = Farm dam in an open paddock. 
DT = Farm dam in a woodland. 
STW = Stock trough in the Wimmera Mallee Channel/dam region. 
CH = Channel in the Wimmera Mallee Channel/dam region. 
CW = Control woodland in the Wimmera Mallee Channel/dam region. 
 
The t-test results for both species abundance and species richness data show the same 
pairwise patterns of significance findings across treatment comparisons. 
Of the four open paddock treatments, stock troughs and channels are not significantly 
different from each other. Dams in paddocks were not significantly different from stock 
troughs in the Northern Mallee Pipeline region but were significantly different from stock 
troughs (and channels) in the Wimmera Mallee Channel/dam region, supporting both higher 
species abundance and greater species richness (Figure 2.5). 
All woodland treatments are significantly different from all open paddock treatments.  The 
control woodland sites in the Northern Mallee Pipeline region and Wimmera Mallee 
Channel/dam regions are not significantly different from each other.  Farm dam in woodlands 
was significantly different from the control woodlands in both regions, supporting both higher 
species abundance and greater species richness.  These findings demonstrate the influence 
of open water and habitat on species distributions in the Wimmera Mallee Channel/dam 
region (Figure 2.5). 
The results in Tables 2.2, 2.3a and 2.3b show that the treatment attribute which has the 
strongest influence on overall species abundance and richness is the presence of 
woodlands.  The other treatment attribute which influenced overall species abundance and 
richness was the presence of open water (farm dams).  The influence of open water is 
strongest within woodland treatments, but less so within open paddock treatments, where 
the farm dam in an open paddock treatment was significantly different from two of the other 
three open paddock treatments (Figure 2.5). 
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Analysing the fauna results for each site using a Bray Curtis similarity matrix on square root 
transformed data, the differences between treatment sites can be displayed in an MDS plot 
(Figure 2.6). 
 
Figure 2.6  MDS plot of sites from the seven different treatments. 
 
The MDS plot shows that sites from the three woodland treatments (CN, DT & CW, 
contained within oval outline) are tightly clustered and separate from sites from the four open 
paddock treatments (DP, STN, STW & CH) which show less similarity both within and 
between treatments. 
Comparing woodland treatments with open paddock treatments. 
A total of 34 species was found in open paddock treatments, and 72 species in woodland 
treatments.  Only 21 species were common to both treatment types (Appendix 2.1, 2.2), and 
of these, 16 (76.2%) were more abundant in the woodland treatments. The analysis of 
means across the compared treatments for species abundance (Table 2.3a) and species 
richness (Table 2.3b) shows that woodland sites support significantly greater overall species 
abundance and overall species richness compared with open paddock treatments. 
Comparing the similarity of species assemblages for sites in woodland treatments with sites 
in open paddock treatments, the differences are highly significant (ANOSIM, R=0.497, 
P=0.001). 
 43 
A SIMPER analysis shows that, for sites in open paddock treatments, three species 
contribute approximately 70% of the similarity of fauna assemblages within these sites: 
Australian Magpie (31.7%), Australian Pipit (27.3%) and House Mouse (10.4%). 
For sites in the woodland treatments, eight species contributed approximately 70% of the 
similarity of fauna assemblages within these sites. Those species contributing most to the 
similarity include Boulenger's Skink (20.5%), Red-rumped Parrot (11.2%), Australian Magpie 
(9.5%), Striated Pardalote (8.2%) and Noisy Miner (6.61%). 
An examination of species which contributed to the dissimilarity between treatments shows 
that a total of 25 species account for approximately 70% of the dissimilarity of fauna 
assemblages between the treatments.  The greatest contributors were Boulenger's Skink 
(7.03%), Red-rumped Parrot (5.92%), Noisy Miner (4.75%), Weebill (4.57%) and Striated 
Pardalote (3.77%).  Of the 25 species which contributed most to the dissimilarity, 23 were 
more abundant in woodland sites, and of these, 11 were found only in woodland sites.  
Boulenger’s Skink and Red-rumped Parrot are both over 10 times more abundant in 
woodland treatments compared with open paddock treatments. Noisy Miner, Weebill and 
Striated Pardalote were not recorded in open paddock sites.  Conversely, only one 
(Australian Pipit) of the 25 most contributing species was found only in open paddock sites. 
Comparing open water treatments with treatments lacking open water. 
The t-test results presented in Tables 2.3a & 2.3b showed that the presence or absence of 
open water influenced overall species abundance and richness.  Of the two open water 
treatments, farm dams in a woodland were significantly different from all other treatments 
(including farm dams in open paddocks); farm dams in open paddocks were significantly 
different from all other treatments except stock troughs in the Northern Mallee Pipeline 
region. 
The MDS plot in Figure 2.6 does not show any clear separation of two open water sites (DT 
and DP) from other sites.  Rather, the dam in woodland sites (DT) is clustered with other 
woodland sites, and the dam in open paddock sites (DP) are within the scatter of other open 
paddock sites (Figure 2.6). Comparing the species similarities of open water sites with sites 
lacking open water, the differences are not significant (ANOSIM, R=0.042, P=0.276).  It may 
appear that the ANOSIM results do not support the findings of the t-tests.  However, one of 
two open water treatments is also a woodland treatment, and two of five treatments without 
open water are woodland treatments.  Therefore, it is likely that woodlands are exerting a 
greater influence on species similarity at a site than the presence of open water. 
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A SIMPER analysis shows that, for open water treatment sites, 11 species contribute 
approximately 70% of the similarity of fauna assemblages within these sites.  Those species 
contributing most to the similarity include Boulenger's Skink (13.8%), Australian Magpie 
(13.4%) Red-rumped Parrot (8.1%), Welcome Swallow (8.0%) and Crested Pigeon (6.5%). 
For sites from treatments without open water, six species contribute approximately 70% of 
the similarity of fauna assemblages within these sites.  Those species contributing most to 
the similarity include Australian Magpie (25.7%), Boulenger's Skink (15.6%), Australian Pipit 
(12.8%) and House Mouse (6.9%). 
An examination of species which contributed to the dissimilarity between treatments shows 
that a total of 26 species account for approximately 70% of the dissimilarity of fauna 
assemblages between the treatments.  The greatest contributors were Boulenger's Skink 
(5.36%), Australian Magpie (5.20%), Red-rumped Parrot (5.01%), Welcome Swallow 
(3.85%), Australian Pipit (3.61%) and Noisy Miner (3.37%). 
Woodlands have a far greater influence on species assemblages than the presence of open 
water.  Including open water sites and woodland sites together within a factor is not a good 
way of testing the influence of open water on fauna as it may confound the results. 
Comparing open water treatments in the Wimmera Mallee Channel/dam region to 
determine the influence of woodlands on fauna. 
Comparing sites from the two open water treatments (dam in woodland vs dam in open 
paddock), the results are significantly different (ANOSIM, R 0.406, P=0.029). 
A SIMPER analysis shows that, for dams in open paddock sites, six species contribute 
approximately 70% of the similarity of fauna assemblages within these sites.  Those species 
contributing most to the similarity include Australian Magpie (19.2%), Australian Pipit 
(14.6%), Grey's Skink (11.2%) and Welcome Swallow (9.1%). 
For dam in woodland sites, nine species contribute approximately 70% of the similarity of 
fauna assemblages within these sites.  Those species contributing most to the similarity 
include Boulenger's Skink (14.4%), Red-rumped Parrot (13.3%), Crested Pigeon (8.0%), and 
Noisy Miner (8.0%). 
An examination of species which contributed to the dissimilarity between treatments shows 
that a total of 20 species account for approximately 70% of the dissimilarity of fauna 
assemblages between the treatments.  The greatest contributors were Red-rumped Parrot 
(7.71%), Boulenger's Skink (6.31%), Noisy Miner (5.80%), Striated Pardalote (4.25%), 
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Crested Pigeon (3.73%) and Eastern Rosella (3.47%).  All six species were more abundant 
in the dam in woodland treatment sites (Appendix 2.2). 
Determining the influence of open water on fauna within woodland treatments in the 
Wimmera Mallee Channel/dam region. 
In the Wimmera Mallee Channel/dam region, the influence of open water on fauna in a 
woodland can be examined by comparing dam in a woodland sites with the control 
woodland.  The total number of species recorded at farm dam in a woodland sites, diurnal 
and noctural species combined, was 48.  The total number of species recorded at control 
woodland sites, diurnal and noctural species combined, was 37 (Tables 2.1a & 2.1b; 
Appendix 2.2).  Twenty-five species were found across both treatments, 26 species were 
found only in farm dam in woodland sites and 11 species were found only in the control 
woodland sites (Appendix 2.2). Comparing the overall mean species abundance and 
richness showed that dam in woodland sites supported both significantly higher species 
abundance (t=2.448, P<0.05) and species richness (t=4.524, P<0.01). Analysis of species 
similarity between the two treatments shows them to be not significantly different in terms of 
community compostion (ANOSIM ,R=0.333, P=0.086). 
For dam in woodland sites, nine species contribute approximately 70% of the similarity of 
fauna assemblages within these sites.  Those species contributing most to the similarity 
include Boulenger's Skink (14.4%), Red-rumped Parrot (13.3%), Crested Pigeon (8.0%), and 
Noisy Miner (8.0%).  For control woodland sites, five species contribute approximately 70% 
of the similarity of fauna assemblages within these sites.  Those species contributing most to 
the similarity include Boulenger's Skink (26.8%), Red-rumped Parrot (17.9%), Weebill 
(13.2%) and Noisy Miner (9.4%). 
An examination of species which contributed to the dissimilarity between treatments shows 
that a total of 23 species account for approximately 70% of the dissimilarity of fauna 
assemblages between the treatments.  The greatest contributors were Weebill (6.01%), 
White-winged Chough (5.09%), Welcome Swallow (3.91%), Brown Treecreeper (3.42%) and 
Spotted Marsh Frog (3.38%).  Weebills were only recorded at the control woodland sites, 
and White-winged Choughs were more abundant at the control woodland sites.  Spotted 
Marsh Frogs were only recorded at farm dam in woodland sites, and Welcome Swallows 
were over six times more abundant at farm dam in woodland sites (Appendix 2.2). 
Determining the influence of open water on fauna in open paddock treatments in the 
Wimmera Mallee Channel/dam region. 
The influence of an open water source on fauna in open paddocks was examined by 
comparing farm dams in open paddocks with stock trough and channel treatments.  Analysis 
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of overall species abundance and species richness for the three open paddock treatments in 
the Wimmera Mallee Channel/dam region show that the open water treatment (farm dam in 
a paddock) supports significantly greater species abundance and species richness 
compared with the stock trough and channel treatments (Tables 2.3a & 2.3b). 
Comparing the species similarity of the fauna assemblages of the three treatments also 
shows a significantly difference (ANOSIM ,R=0.367, P=0.018).  A SIMPER analysis shows 
that, for farm dams in open paddock sites, six species contribute approximately 70% of the 
similarity of fauna assemblages within these sites. Those species contributing most to the 
similarity are Australian Magpie (19.2%), Australian Pipit (14.6%), Grey's Skink (11.2%) and 
Welcome Swallow (9.1%). 
For open paddock sites without open water, two species contributed approximately 70% of 
the similarity of fauna assemblages within these sites.  The two species contributing most to 
the similarity are Australian Pipit (52.1%) and Stubble Quail (19.3%). 
An examination of species which contributed to the dissimilarity between open paddock 
treatments shows that a total of 13 species account for approximately 70% of the 
dissimilarity of fauna assemblages between the treatments.  The greatest contributors 
include Australian Magpie (10.6%), Australian Pipit (9.0%), House Sparrow (8.0%), 
Boulenger's Skink (5.44%) and Feral Pigeon (5.01%).  House Sparrow and Feral Pigeon 
were only found at farm dam sites.  Of the 13 most contributing species, seven were only 
found at dam sites, including four species of waterbirds.  House Sparrow and Feral Pigeon 
were only recorded at farm dam sites.  Australian Magpie and Australian Pipit were found in 
all open paddock treatments but more abundant at the farm dam in an open paddock 
treatment.  By contrast, only two species (Boulanger’s Skink and Stubble Quail) was more 
abundant at sites without open water. 
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2.4 DISCUSSION 
2.4.1 Influence of woodlands 
The results demonstrate clearly that mallee woodland areas in the Northern Mallee Pipeline 
region and in the Wimmera Mallee Channel/dam region support significantly greater faunal 
values, as measured by species richness and species abundance, compared with treeless, 
open paddock areas (Table 2.1a & 2.1b).  The MDS plot of sites from the two regions 
(Figure 2.6) also shows a clear distinction between woodland sites and open paddock sites, 
and this distinction is supported by the analysis of similarity.  Woodland sites were, not 
surprisingly, dominated by species with woodland habitat preferences, reflecting the diversity 
of habitat components available in woodlands.  Many of the bird species recorded only in 
woodland sites were foliage-gleaning species, such as Weebill and Striated Pardalote 
(Appendix 2.1 & 2.2; see Higgins & Peter 2002).  Other species which were present in open 
paddock sites but much more abundant in woodland sites include Red-rumped Parrot, a 
ground and shrub-foraging parrot which rely on trees for nesting sites and shelter (Higgins 
1999).  Similarly, Boulenger’s Skink was present across all treatment types (except Northern 
Mallee Pipeline stock trough in open paddock sites) but was over ten times more abundant 
in woodland sites compared with open paddock sites (Appendix 2.1 & 2.2).  The habitat 
preferences of Boulenger’s Skink is described as woodlands, shrublands and dry sclerophyll 
forest areas with associated ground litter (Henle 1989; Cogger 2000; Wilson & Swan 2003), 
and the results for this species reflect the habitat differences between the study treatments.  
The only open paddock species contributing to the differences between treatments and 
which was not found in woodland sites was Australian Pipit (Appendix 2.1 & 2.2), a 
grassland species that has adapted to inhabiting agricultural cropping and pasture habitats 
(Higgins et al. 2006). 
Overall, the results show that species presence and species abundance across the seven 
treatments is driven largely by vegetation type, where sites with a more structurally diverse 
vegetation type (in this study, Mallee woodland), supporting significantly greater species 
richness and species diversity than the more structurally simple vegetation type found in 
open paddocks.  Previous surveys in the Wimmera and Mallee found fauna species richness 
was higher in the more structurally diverse woodland and heathland habitats compared with 
open, cleared agricultural areas (LCC 1974, 1985; Robertson et al. 1989).  In farmland 
around Bacchus Marsh, Victoria, Loyn et al. (2007) found bird species richness higher in 
remnant woodland patches and also in revegetation patches, and lower in paddock sites.  
Similarly, Kinross (2004) found bird species diversity highest in woodlands and lowest in 
paddocks on farms in the New South Wales Tablelands. 
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2.4.2 Influence of open water 
Another key finding of the results was the greater species abundance and species richness 
in sites with an open water source (farm dam) compared with sites without.  Woodland sites 
with an open water source had significantly greater species richness and species abundance 
compared to woodland sites without, although ANOSIM did not show a difference.  Of the 
species contributing most to the observed differences, water-dependent species, such as 
frogs, ducks and parrots, were more abundant or only found in woodlands with open water, 
and water-independent species, such as Weebill and Spotted Pardalote (Fisher et al. 1972) 
were generally more abundant at woodland sites with no open water.  Overall, the results 
demonstrate that the presence of open water in a woodland habitat enriches faunal values, 
and that this is driven largely by the presence of water-dependent species. 
The results for open paddock sites with and without an open water source (farm dam) are 
consistent with the results for woodland sites.  Open paddock sites with an open water 
source supported significantly greater species richness and abundance compared with sites 
without an open water source (Table 2.3a & Table 2.3b).  These differences are driven by 
the abundance of water-dependent species at sites with open water.  Of the 13 species 
contributing most ,to the differences between open paddock sites with & without a farm dam, 
seven were only found at dam sites, including four species of waterbirds.  House Sparrow 
and Feral Pigeon, both granivorous species and dependent on water for drinking (Fisher et 
al. 1972, were only recorded at open water sites.  Australian Magpie, a species dependent 
on water for all or part of the year, was recorded more frequently at open water sites.  These 
findings demonstrate that, like the woodland sites, the presence of an open water source 
enriches the faunal values in open paddocks.  Importantly, the findings also demonstrate 
that stock troughs do not support the same faunal values as functioning farm dams. 
The findings of this study, where an open water source enriches the faunal diversity and 
abundance of an area, are supported by the findings of other studies.  The Birds Australia, 
Birds on Farms project found that woodland bird diversity was 21—22% higher on farms 
which contained an open water source, in this case, a river or major creekline.  The Birds on 
Farms project also found that bird diversity was higher on farms which had multiple farm 
dams, with bird diversity increasing 3% with each additional farm dam (Olsen & Weston 
2004).  Williams & Wells (1986) found that the presence of artificial water points supported 
higher bird species richness and abundance in mallee woodlands in semi-arid South 
Australia, particularly water-dependent species.  Similarly, Harrington (2002) examined bird 
populations around water points in semi-arid Mallee woodlands found that bird species 
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richness was highest around the water point and that this was due to the abundance of 
water-dependent species there. 
Other faunal groups have similarly benefited from the provision of artificial water sources.  
Kangaroos occur in greater abundances around artificial water sources, particularly during 
dry preiods (James et al. 1999).  In a study of bats in the Victorian Mallee region, Lumsden & 
Bennett (1995) found the capture rate for bats significantly higher at sites with water 
compared with sites away from water.  Freshwater turtles have also benefited from artificial 
water sources, and have been found in higher densities in farm dams compared with natural 
wetlands, probably due to turtles congregating in dams as more permanent waterbodies 
during dry conditions (Brock & Jarman 2000). 
2.4.3 Likely impacts of closing the channel system 
The impacts of the closure of water points on fauna is not well known.  Large macropods are 
known to be negatively affected by the closure of water points (Gibson 1995).  Harrington 
(2002) examined the effects on birds of the closure of two water points (dams) in mallee and 
found no significant change in bird abundance after one year, but did record a significant 
increase in bird diversity after one year, driven by an increase in water-dependent species.  
Confounding his finding though was both rainfall, which in the year before closure was 
approximately half that in the year after closure, and the close proximity of other water 
points.  Harrington (2002) states that these results do not conclude that water-dependent 
species were affected by water point closure, rather that the distances to other water points 
were insufficient to influence water-dependent bird distribution and abundance. 
The de-commissioning of the Wimmera Mallee Domestic and Stock Channel System will 
remove open water points across an area covering 2.9 million hectares (Caris 2005).  The 
loss of this open water resource will be rapid, widespread and permanent.  The results of 
this study has shown that on-farm biodiversity levels, as measured by the species richness 
and abundance for the seven study treatments, was higher at sites with open water, and 
highest at sites with a woodland and open water.  They provide an indication of the levels of 
reduction in species richness and abundance likely to occur in the Wimmera Mallee 
Channel/dam region once the pipeline is completed. 
The faunal group most likely to suffer from the change from an open water, channel-fed 
system to a closed, pipeline system is frogs.  They were only recorded at open water 
treatments and from channels when in flow.  Frogs were not recorded in the Northern Mallee 
Pipeline region, and in areas still serviced by the Wimmera Mallee Domestic and Stock 
Channel System, absent from sites with no open water and from sites watered by stock 
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troughs.  As a species reliant on open water for long-term survival, the loss of farm dams 
and channels will have a deleterious effect on frogs in the area to be serviced by 
development of the Wimmera Mallee Pipeline. 
2.4.4 Maintaining fauna in a piped delivery region 
One possible solution for maintaining habitat function for water-dependent fauna in a piped 
rural water supply system could be through the strategic use of purpose-built water points for 
native fauna.  An artificial wildlife pond could be connected to a piped water supply, planted 
out with aquatic vegetation and have logs and sticks placed in them to provide habitat, cover 
and perches for water-dependent fauna.  Artificial wildlife ponds could be placed strategically 
across the agricultural regions of the Wimmera and Mallee and their use by faunal groups 
measured to determine whether such ponds can provide a suitable resource for water-
dependent fauna.  They can also be compared to existing on-farm water points (dams) to 
determine whether an artificial wildlife pond can provide a similar level of habitat function.  
The following chapter investigates the use of artificial wildlife ponds in the Wimmera Mallee 
Domestic and Stock Channel System and in the Northern Mallee Pipeline region. 
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3.  FROG OCCUPANCY OF ARTIFICIAL WILDLIFE PONDS IN THE 
WIMMERA AND SOUTHERN MALLEE 
 
3.1 INTRODUCTION 
Frogs are dependent on water for a significant part of their life cycle.  Typically, Australian 
amphibians have two distinct life-cycle stages, an aquatic stage and a terrestrial stage.  
Eggs (spawn) are laid singly, in strings or foamy masses, usually in water (Barker et al. 
1995).  They can be free-floating, attached to aquatic vegetation or placed in wet or moist 
areas among litter.  Fertilization is external, in water and the eggs hatch as aquatic larvae, or 
tadpoles, breathing through gills (Barker et al. 1995; Swan & Watharow 2005).  The 
transition to the adult, terrestrial stage can take from a few weeks up to 7 months, during 
which time they develop legs and lungs and emerge onto land to spend the greater part of 
their adult life out of water (Barker et al. 1995; Swan & Watharow 2005). 
Frogs are known to occupy a wide variety of habitat types such as rivers, creeks, pools, 
billabongs, puddles, temporary waterbodies and flooded fields (Littlejohn 1966; Barker et al. 
1995). They also shelter in damp soil, wet leaves and other damp places including artificial 
sites such as plant pots, water tanks and under objects including wood, tin, sheets of plastic 
etc (e.g. Littlejohn 1966; Heyer et al. 1994; Barker et al. 1995; Pyke 2002).  In their use of 
habitats, frogs are seasonal residents of aquatic systems and cryptic or dormant residents of 
terrestrial systems (Hazell 2003). 
In arid environments, frogs survive by occupying refuges affording a favourable microhabitat, 
where moisture is available or the humidity is high (Barker et al. 1995; Speiler & Linsenmair 
1998).  Some frog species survive by burrowing, storing water and aestivating during hot 
and dry conditions (Withers 1993, 1995).  Frogs which do not burrow and aestivate, survive 
by seeking refuge in sites which are moist and provide shelter from the sun and heat, such 
as burrows or in cracks in the ground, under rocks, logs, leaf litter, in loose soils, behind the 
bark of trees and in grass tussocks (Spencer 1896; Warburg 1965; MacNally 1979; Barker et 
al. 1995). 
During aestivation, frogs burrow underground, secrete a ‘cocoon’ around their bodies and 
exhibit greatly reduced metabolic rates, which decline rapidly from onset and reach a 
minimum of 14—38% of their standard metabolic rate by about 30 days (Withers 1993, 
1995).  Large aggregations of Notaden nichollsi and Uperoleia micromeles have been found 
in communal burrows approximately 1 metre below the surface (Paltridge & Southgate 
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2001).  Burrowing frogs of the genus Neobatrachus can possibly remain dormant for up to 
six years (NPWS 2000). 
Some non-burrowing species, such as Limnodynastes tasmaniensis, Litoria ewingi and 
Crinia spp, remain close to water, while other species, such as Psuedophryne bibroni, can 
be found some distance away from water (Warburg 1965; MacNally 1979).  In central 
Australia, the Horn Expedition observed that the non-burrowing Desert Tree Frog Litoria 
rubella was never found away from water holes (Spencer 1896). 
Littlejohn (1966) described the habitat preferences of 11 species of frogs in the Victorian 
mallee.  Of the non-burrowing species, three (Litoria raniformis, L. peroni & Limnodynastes 
fletcheri) were described as breeding in permanent or relatively permanent waterbodies; 
three species (Crinia parinsignifera, Limnodynastes dumerili & L. tasmaniensis) bred in both 
temporary pools and permanent waterbodies; only one species (Crinia signifera) was found 
to breed only in temporary ponds.  No descriptions were provided for the tree frog Litoria 
ewingi or for Pseudophryne bibroni.  Both species of burrowing frogs (Neobatrachus pictus & 
N. sudelli) were described as breeding in temporary ponds and dams (Littlejohn 1966). The 
Horn Expedition observed that the burrowing frogs Cyclorana platycephala and 
Neobatrachus pictus were not found at permanent water holes (Spencer 1896). 
The filling of dry waterbodies, either by rainfall or stream flow, can trigger mass breeding by 
frogs (Hobbs 1980).  Aestivating frogs emerge to breed when there is sufficient rain to 
provide temporary waterbodies in which tadpoles can develop (Spencer 1896; Warburg 
1965; Withers 1993, 1995; Barker et al. 1995).  Non-burrowing species will also breed 
following inundation events.  Permanent water bodies, on the other hand, may act as 
deterrents to breeding for some species, particularly burrowing species.  At Homebush Bay, 
NSW, Litoria aurea bred in two semi-permanent ponds but did not breed in a permanent 
pond (Pyke & White 1999). 
3.1.1 Activity 
Frog movements, calling and reproductive behaviour are strongly influenced by time of day, 
season and by meteorological conditions such as rainfall, temperature, wind and barometric 
pressure (Barker et al. 1995; Lemckert 2001; Pyke 2002).  Frogs generally shelter during the 
day and become active at night, moving from burrows or shelters across terrestrial habitats 
(Spencer 1896; Heyer et al. 1994; Barker et al. 1995; Speiler & Linsenmair 1998; Swan & 
Watharow 2005; Heard et al. 2006).  Some species, such as Litoria aurea, will move during 
the day, emerging from a sheltered site to a basking site (Pyke & White 2001). 
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Frogs are not fast moving and have only a limited ability to disperse across land.  A review of 
global literature of amphibian movement and site fidelity by Smith & Green (2005) showed 
that while 44% of amphibian species were not recorded moving more than 400 metres, 7% 
were capable of movements of greater than 10 km, with the longest distance being 35 km by 
a Cane Toad Bufo marinus in northern Australia.  Mark-recapture studies of Litoria aruea 
near Sydney, NSW, recorded movements of 2—3 km between trapping sites.  Individuals 
have also been recorded 10km or more from their breeding ponds (Pyke & White 2001).  
Radio telemetry studies of Litoria raniformis found movements over a 24 hour period ranged 
from 0 to 212 metres (Wassens et al. 2008).  Similar studies of Litoria aurea recorded 
movements of over 500 metres over 24 hours (Patmore & Osborne 2001). 
In California, USA, movement studies of Rana aurora draytonii showed a strong tendency for 
frogs to move in straight lines between non-breeding and breeding sites.  Distances between 
sites varied from 200 to 2800 metres.  Short distances (<300 metres) were covered in 1—3 
days, with longer journeys taking up to 60 days to complete (Bulger et al. 2003).  Most 
movement occurred after 1-day rainfall events of at least 25mm (Bulger et al. 2003).  In west 
Africa, telemetric studies of Hoplobatrachus occipitalis showed individuals moved from a 
partially dried-up river to newly-filled pools in the savannah following rain, with movements of 
>30 metres per day when rainfall exceeded 15 mm per day; movement over longer distance 
(>600 metres per day) occurred only once per year, when the first heavy rains filled dried 
savannah ponds, with nearly all individuals covering a linear distance of up to 1.4 km in a 
single night (Speiler & Linsenmair 1998). 
Frogs will move between waterbodies in response to changing conditions.  Humphries 
(1979) found that the main factors influencing the migration of frogs to a pond from their 
over-wintering sites were the water level in the pond, photo-period and temperature.  Males 
migrate to ponds before females (Robertson 1986).  A study of the spatial patterning of 
Litoria raniformis in a rice farming area showed that after flooding of the rice bays, frogs 
exhibited high dispersal and did not aggregate, but as the bays dried out, frogs formed 
strong aggregations around permanent waterbodies (Wassens et al. 2007).  In central 
Australia, adult frogs remain near waterbodies, but their spawn and tadpoles may be 
dispersed by flowing watercourses following sufficient rain (Spencer 1896).  Inundation of 
dry waterbodies can trigger mass breeding events by frogs.  The flooding of Lake Gol Gol, 
NSW in late 1963 initiated mass breeding of frogs, particularly Litoria raniformis (Hobbs 
1980). 
Burrowing frogs will emerge after rain and wander on moist nights (Barker et al. 1995; 
Paltridge & Southgate 2001; Swan & Watharow 2005; Penman et al. 2006).  In the Tanami 
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Desert, burrowing frogs (Neobatrachus aquilonius, Uperoleia micromeles and Notaden 
nichollsi) emerged from burrows within several hours of rainfall events exceeding 
approximately 8mm (Paltridge & Southgate 2001).  A study of the activity patterns of the 
Giant Burrowing Frog Heleioporus australiacus found increased movements in conditions 
following rainfall events of >5mm, temperatures above 8° C, humidity >55% and wind 
speeds below 10 kph (Penman et al. 2006).  In central Australia, Lymnodynastes ornatus 
has been found burrowed in sandy ground to a depth of 30 cm or more, usually the bed of a 
creek, during the day, and emerging at night to forage (Spencer 1896). 
A UK study found that frogs were readily able to colonise newly-constructed ponds in an 
agricultural landscape, and that some species were able to colonise new ponds at distances 
of up to 950 metres from existing ponds (Baker & Halliday 1999).  Marsh et al. (1999) found 
that the time to occupancy of artificial ponds by the Tungara Frog Physalaemus pustulosus, 
increased with pond isolation, with ponds near active sites used more quickly than more 
isolated ponds. 
3.1.2 Calling 
Frogs will call from a variety of locations, from the edges of waterbodies, in thick vegetation, 
exposed mud, logs or rocks, from trees or free floating (Littlejohn 1959, 1966; MacNally 
1979; Robertson 1986; Barker et al. 1995).  Calling occurs mainly during the breeding 
season, though some species will call all year round (Barker et al. 1995; Lemckert 2001).  
Time of day (night) and time of year influence calling activity.  Calling intensity increases at 
sunset, remaining elevated during the night then decreases at sunrise (Barker et al. 1995; 
Lemckert 2001).  Some species will call sporadically during the day, mainly during the 
breeding season (MacNally 1979; Barker et al. 1995; Lemckert 2001).  Calling activity is also 
influenced by climatic conditions such as temperature, wind and rain, with increased calling 
rates with higher ambient temperature and following rain, and decreased calling activities 
during windy conditions (Robertson 1986; Lemckert 2001). 
3.1.3 Human impact on frog populations 
Wetland destruction and alteration to natural hydrological regimes, vegetation clearing for 
agriculture, increased sediment load, agricultural chemicals, pollution, salinity, urban 
development and introduced predators are all process which have a major influence on the 
distribution and abundance of frog species (e.g. Ehmann 1997; Tyler 1997; Hines et al. 
1999; Mahony 1999; Roberts et al. 1999; Hazell 2003; Cushman 2006).  These processes 
are thought to be a major influence on the current distribution of many frog species in south-
eastern Australia (Gillespie & Hines 1999), and are considered the key threatening 
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processes for nearly half of Australia’s 32 listed threatened and endangered frog species 
(EPBC Act 1999; DEWHA website). 
Habitat loss and fragmentation are considered to be among the largest threats to amphibian 
populations (Hazell 2003; Cushman 2006). Habitat fragmentation isolates frog populations, 
which reduces the ability of frogs to disperse between sites, increases mortality and reduces 
genetic diversity (Cushman 2006).  Habitat fragmentation and isolation has been associated 
with lower levels of genetic diversity and fitness in the European Tree Frog Hyla arborea 
(Edenhamn et al. 2000).  Declines may also occur through impacts on immigration and 
dispersal, such as predation of tadpoles in connecting waterways by introduced predators 
(Hazell 2003). 
Land clearance for agriculture has adversely impacted on the catchments of streams and 
wetlands.  Apart from the direct effects of vegetation removal, increased sediment loads, 
fertiliser and pesticide run-off, increased salinity levels and increased nutrient loads from 
grazing stock all have downstream impacts on frog populations (Gillespie & Hines 1999; 
Williams 2001; Hart et al. 2003; Smith et al. 2007). 
Grazing of wetlands and riparian zones by domestic livestock can have significant effects on 
frog populations (Osbourne et al. 2008).  In the Murrumbidgee River floodplain, frog species 
richness was found to be significantly lower in wetlands grazed at high intensity, due to 
reduction in fringing and aquatic vegetation condition, and reduction in water quality (Jansen 
& Healey 2003). 
Alterations to the natural hydrology from dams, diversions, agricultural development and 
river management practices have impeded and decreased river flows, reduced wetland 
flooding, increased sediment loads, and introduced pollutants and exotic taxa, all of which 
have caused serious alterations to river and wetland ecology (Brock & Jarman 2000).  These 
result in declining vegetation health and declines in fauna populations, including frogs 
(Gillespie & Hines 1999; Kingsford 2000; Hazell 2003; Relyea 2005).  Draining of temporary 
and persistent wetlands may have accelerated the disappearance of some frog species 
(Brock & Jarman 2000).  Studies of permanent and temporary waterbodies in the Lachlan 
River catchment, NSW, concluded that alteration to the hydrology of inland river systems, 
particularly the regulation of stream flow, could lead to frog species decline due to reductions 
in the availability of seasonally flooded waterbodies (Wassens & Maher 2011). 
In an agricultural landscape, the diversity of natural wetland types has been replaced by a 
single type of artificial wetland, in the form of farm dams.  Farm dams are usually small, 
steep-sided and often kept free of vegetation through grazing by stock (Brock & Jarman 
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2000).  The water in channel-fed dams can show varying levels of turbidity and salinity (J. 
Starks pers. obs.).  Persistent farm dams may be less attractive than temporary wetlands for 
some seasonally-breeding frog species. The burrowing frog Neobatrachus pictus can occur 
at high density at ephemeral ponds, but in low density at farm dams (Roberts 1993). 
The impacts of habitat change on widespread frog species may go un-noticed because of 
their extensive distribution and because local declines contribute to a gradual breakdown in 
connectivity of extant populations (Hazell 2003).  Since European settlement in Victoria, 72% 
of native vegetation in the Mallee region, and 85% of native vegetation in the Wimmera 
region has been cleared, with dryland agriculture the dominant landuse in the two regions 
(LCC 1987; WCMA 2003). 
In the Wimmera and Mallee regions of Victoria, natural watercourses were dammed and 
diverted as part of the development of the Wimmera Mallee Domestic and Stock Channel 
System.  This resulted in the depletion of flows down natural watercourses and reduced 
flows into lakes and wetlands.  Some creeks were incorporated into the domestic and stock 
channel system.  Channels were excavated into the bed of some creeks, denying water to 
most of the creek bed during times of flow (van Veldhuisen 2001; Caris 2005). 
Agricultural development and the spread of settlement has resulted in some benefits to 
amphibians, mainly through the provision of artificial water bodies (Robertson et al. 1989; 
Hazell et al. 2001).  The sinking of dams and wells in arid regions have allowed frogs to 
expand their ranges and occupy areas beyond natural watercourses and wetlands (Hobbs 
1980; Robertson et al. 1989).  In central Australia, the sinking of wells at intervals along 
overland tracks have enabled frogs to survive in areas they would have otherwise perished 
through lack of natural habitat (Spencer 1896).  Frogs have been recorded using and 
breeding in farm dams, irrigation channels, rice paddies and newly-constructed ponds 
(Hobbs 1980; Robertson et al. 1989; NPWS 2000; Hazell et al. 2001; Pyke 2002; Wassens 
et al. 2007; Hyne et al. 2009). 
3.1.4 Frogs in the Wimmera and Mallee 
The distribution and habitat requirements of frogs in the Wimmera and Mallee regions of 
north-west Victoria is not well known.  Fourteen species of frogs have been recorded in the 
Wimmera and Mallee regions (Littlejohn 1966; LCC 1974, 1985; Atlas of Victorian Wildlife).  
Table 3.1 lists the 14 frog species recorded for the two regions.  Two of the 14 species are 
listed as Threatened in Victoria: Pseudophryne bibronii and Litoria raniformis (FFG Act 
1988).  Of these, L. raniformis is also listed as nationally Vulnerable under the EPBC Act 
(1999). 
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The Land Conservation Council report for the Wimmera (LCC 1985) lists ten species of frogs 
occurring in the region and describes all species as widespread and common in Victoria (but 
see below), with most occurring in a wide variety of habitats.  Neobatrachus pictus, N. sudelli 
and Pseudophryne bibronii were considered more common in the Little Desert region of the 
Wimmera, and are not listed as occurring in wetland habitats (LCC 1985). 
The LCC (1985) report’s Appendix 2 lists two frog species (Litoria ewingi and L. peroni) as 
having a restricted distribution, contradicting somewhat an earlier statement in the report of 
all species being widespread and common.  The report does not describe what features of 
the nine habitat types listed in the appendix are utilised by frogs (LCC 1985). 
Hadden and Westbrooke (1996) recorded four species of frogs in remnant Buloke 
woodlands in the Wimmera plains.  The four species were Limnodynastes dumerili, 
Limnodynastes tasmaniensis, Neobatrachus sudelli and Crinia signifera.  The most widely 
recorded species were Limnodynastes dumerili and Neobatrachus sudelli.  Within the Buloke 
remnants, frogs were found to be significantly more abundant in areas with clay soils 
(Hadden & Westbrooke 1996), possibly because water is more likely to form pools in clay 
soils. 
The Victorian Mallee has been described as an overlap zone between desert-adapted 
species and those adapted to cooler, more temperate regions of south-eastern Australia 
(LCC 1974).  The Land Conservation Council report for the Mallee region also considered 
the Mallee area as containing two groups of frogs, a group of ‘river adapted’ species, whose 
distributions coincide with the main watercourses in the Mallee region, and a group of frog 
species with a wide ranging distribution and not dependent on permanent water (LCC 1974).  
The report doesn’t identify which species belong to which group, but it does describe two 
species which prefer open, permanent waters, such as rivers, for breeding: Litoria peroni 
and Limnodynastes fletcheri.  The report also lists four species adapted to temperate 
conditions that occur in the Mallee: Limnodynastes tasmaniensis, Limnodynastes dumerili, 
Neobatrachus pictus and Crinia parinsignifera.  The report describes frogs as generally 
occurring in abundance wherever permanent or temporary water exists, and that their 
distribution is closely related to the availability of moist breeding sites (LCC 1974). 
A further review of the Mallee region was published by the Land Conservation Council in 
1987.  It contained the results of survey data collected during the years between the two 
publications.  One additional frog species was reported (Pseudophryne bibronii) and details 
of habitat types were presented in the review (LCC 1987). 
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The Victorian Government Department of Sustainability and Environment’s Atlas of Victorian 
Wildlife (AVW) database contained 1538 records of frogs (up to December 2007) within 
latitude and longitude between 34 degrees 30 minutes and 37 degrees 20 minutes south, 
and 140 degrees 58 minutes (South Australian border) and 143 degrees 30 minutes east, a 
block which encompasses the Wimmera and Mallee regions of Victoria.  The 1538 records 
cover 14 frog species.  However, 107 of the records were not identified to species level, 103 
records are listed as Neobatrachus spp, and were four listed as unidentified froglet. 
Table 3.1 shows the distribution, status (where recorded) and habitat types for all frogs listed 
in the LCC report for the Wimmera (LCC 1985), the LCC reports for the Mallee (LCC 1974, 
1987) and from the DSE Atlas of Victorian Wildlife database.  The habitat types listed in 
Table 3.1 for the AVW database represent 381 records where location or habitat details 
were provided.  These are not exhaustive because location details were not always precise.  
Of the 1,538 records examined, 587 gave no location name and 570 gave an imprecise 
location. 
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Table 3.1  Frog species recorded in the Land Conservation Council reports for the Wimmera (LCC 1985) and Mallee (LCC 1974), plus the AVW database 
from the Wimmera and Mallee regions, with notes on distribution, abundance status (where recorded), and habitat type. 
 
 LCC Wimmera LCC Mallee AVW database 
Scientific Name Distribution, Abundance & Habitat type 
Distribution & Habitat 
type Wimmera Mallee Habitat types 
Crinia signifera W, C      1, 2, 8, 9 S, E,        2, 3 + + 1, 2, 3, 4, 5, 6, 7 
Crinia parinsignifera W, C      9 N, S, E,   2, 3 + + 1, 2, 3, 4, 7 
Geocrinia laevis   +  1, 7 
Geocrinia victoriana   +  1, 2, 7 
Limnodynastes dumerili W, C      1, 2, 3, 4, 7, 8, 9 N, S, E,   1, 2, 3 + + 1, 2, 3, 5, 6, 7 
Limnodynastes fletcheri  N,            2  + 1, 2, 3 
Limnodynastes tasmaniensis W, C      1, 2, 7, 8, 9 N, S, E,   2, 3 + + 1, 2, 3, 5, 7 
Litoria ewingii R, U      1, 8, 9  + + 1, 2, 3, 5, 7 
Litoria peronei R, U      1, 8, 9 N, E,       2 + + 1, 2, 3 
Litoria raniformis W, C      1, 8, 9 N, E,       2, 3 + + 1, 2, 3, 6 
Neobatrachus pictus W, C      2, 3, 4, 7 N, S, E,   1 + + 2, 3, 5, 7 
Neobatrachus sudeli W, C      2, 3, 4, 7 W,           1, 2 + + 1, 3, 5, 7 
Pseudophryne bibronii W, U      2, 3, 4, 5, 7                 2 + + 2 
Pseudophryne semimarmorata   +  2, 7 
 
LCC Wimmera 
Distribution: W = Widespread, R = Restricted 
Abundance status: U = Uncommon,  C = Common 
Habitat types: 1 = River Red Gum open forest and woodland,  2 = gum / box / Buloke woodland,  3 = Brown Stringybark woodland and open scrub, 
4 = Mallee Broombush shrubby open scrub,  5 = Mallee open scrub,  6 = Salt Paperbark low closed forest and open scrubland, 
7 = Heathland,  8 = Grassland,  9 = Wetlands 
 
LCC Mallee 
Distribution: N = northern region,  S = southern region,  E = eastern region,  W = western region,  C = central region 
Habitat types: 1 = Mallee dune fields,  2 = Alluvial terraces and riverine plain,  3 = Agriculture/ urban 
 
Atlas of Victorian Wildlife (AVW) database 
Habitat types:  1 = river/creek,  2 = lake/ reservoir,  3 = wetland/ waterhole,  4 = channel,  5 = dam, 6 = drain,  7 = woodland 
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The preference for temporary or permanent water bodies by frogs has a major influence on 
their distribution across the Wimmera and Mallee regions and on their capacity to colonise 
new habitats (LCC 1974, 1985; Smith & Green 2005).  Species preferring permanent water 
bodies, such as rivers or lakes, will be largely restricted to the geographical distribution of 
these water bodies, whereas species which are able to occupy temporary pools can occur 
over a much greater range of habitats (Littlejohn 1966; LCC 1974, 1985; Barker et al. 1995).  
Descriptions of breeding site preference and burrowing behaviour described in the LCC 
Mallee region report (LCC 1974) are shown in Table 3.2. 
Table 3.2  Summary of breeding site and burrowing behaviour for nine frogs species described in the 
LCC Mallee study area report (LCC 1974). 
 
 
 
Frog species 
Breeding sites  
 
Burrowing temporary pools permanent water 
Crinia signifera +  No 
Crinia parinsignifera + + No 
Limnodynastes dumerili + + Yes 
Limnodynastes tasmaniensis (Nthn) + + No 
Limnodynastes tasmaniensis (Sthn)  + No 
Limnodynastes fletcheri  + No 
Neobatrachus pictus +  Yes 
Neobatrachus sudelli +  Yes 
Litoria peroni  + No 
Litoria raniformis  + No 
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3.1.5 Use of artificial ponds 
Amphibians will inhabit and breed successfully in artificially created ponds (Martin 1972; 
Gascon 1994; Baker & Halliday 1999; Monello & Gerald Wright 1999; Hull 2000; Hazell et al. 
2004).  Surveys of 37 artificial ponds in an agricultural area of the Palouse region, Idaho, 
USA, where 97% of natural wetlands have been eliminated and over 1500 artificial ponds 
created, found that amphibians occupied and reproduced in the majority of ponds (Monello & 
Gerald Wright 1999).  In the UK, a study comparing the occupancy of newly constructed 
ponds with long-standing ponds on farmland found similar amphibian occupancy rates and 
similar species richness between the two pond types, although the species compositions 
differed.  The differences were attributed to pond function and location, and the dispersal 
abilities of the different amphibian species.  Frogs and toads were able to colonise ponds 
with nearest neighbouring ponds up to 950 m away, whereas newts only colonised new 
ponds with nearest neighbouring ponds up to 400 m away.  Ponds created specifically for 
fish and/or waterfowl also influenced species occupancy.  Terrestrial habitat had no effect on 
pond occupancy (Baker & Halliday 1999). 
The habitat values of artificial water bodies can vary according to the hydrology regimes and 
environmental attributes of the waterbody and its surrounds.  Hazell et al. (2001) examined 
75 farm dams in the upper Shoalhaven catchment, NSW.  They found nine species of frog 
across the 75 dams, an average of 3.6 frog species per dam, with the number of species per 
dam ranging from zero to seven (Hazell et al. 2001).  Examination the terrestrial and aquatic 
attributes of the farm dams found a positive relationship between the extent of native canopy 
cover and frog species richness (Hazell et al. 2001).  On the NSW Southern Tablelands, 
Osbourne et al. (2008) found Litoria aurea at only one of 92 farm dams surveyed, and 
equated this to the lack of aquatic emergent vegetation due to stock grazing.  Also in the 
NSW southern Tablelands, Hazell et al. (2004) found that constructed ponds were capable 
of supporting the same number of species as natural ponds, though the species composition 
of each varied. 
The results in Chapter 2 revealed that frogs were found in farm dams and in flowing 
channels in the Wimmera Mallee Channel/dam region, but not in stock troughs (Appendix 
2.2).  With the de-commissioning of the Wimmera Mallee Domestic and Stock Channel 
System and construction of the Northern Mallee Pipeline and Wimmera Mallee Pipelines 
introducing rapid and permanent changes to the availability of free water in the region, 
providing an alternative source of water for wildlife within a piped water supply region might 
be a successful strategy for off-setting at a local scale the deleterious effects that the de-
commissioning of the Wimmera Mallee Channel/dam system would have on water-
dependent wildlife on farms.  Frogs will potentially occupy any suitable small or large body of 
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water, natural or artificial (see Chapter 1).  Constructing a water point for wildlife, with design 
incorporating habitat considerations for frogs and other water-dependent fauna, and locating 
them strategically across the Wimmera and Mallee may provide a means of off-setting to 
some degree the effects of the Pipeline on these species.  This chapter examines the use of 
artificial wildlife ponds by frogs in Mallee eucalypt woodlands and Black Box woodlands, and 
explores the following questions: 
• Can purpose-built artificial wildlife ponds provide habitat for frogs in the Northern 
Mallee Pipeline region and Wimmera Mallee Channel/dam region? 
• How effective would such artificial wildlife ponds be in the provision of ‘replacement’ 
habitat for the on-farm watering points that existed as part of the Wimmera Mallee 
Channel/dam system? 
• What design and location considerations would be most effective in supporting frogs 
in both the Northern Mallee Pipeline region and Wimmera Mallee Channel/dam 
region? 
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3.2 METHODS 
3.2.1  Artificial wildlife pond design and placement 
The artificial wildlife pond design incorporated the following considerations.  Ponds were set 
in-ground, with the top at ground level.  This would enable an animal of any size ease of 
access for drinking or bathing.  To maximise water efficiency, losses through seepage into 
the ground had to be controlled.  This could only be achieved if the in-ground wildlife pond 
was either constructed out of an impermeable material such as concrete, or lined with a 
waterproof membrane such as plastic.  Water would be supplied to the wildlife pond through 
a poly pipe, as piped water would be the only supply available after the channel/dam system 
is decommissioned.  The ponds would contain sticks and logs to serve as perches, and be 
planted with aquatic vegetation to provide habitat and maintain water quality. 
There was some concern among landholders that an in-ground wildlife pond could fill up with 
accumulated wind-blown sediment and tree litter, which would necessitate periodic cleaning.  
Therefore a design would have to allow for ease of cleaning.  Mechanical cleaning, with an 
8-foot (2.4 metre) bucket on a front-end loader was the preferred method.  An unlined, 
excavated hole in the ground would not be water efficient, and a plastic lining membrane 
would not be strong enough to withstand machinery.  Therefore, a concrete ‘trough’ design 
was chosen.  The slope of the floor of the pond required a gradient of not steeper than 1 in 
5, considered necessary to ensure that a front-end loader could gain traction when cleaning 
out the trough.  Figure 3.1 shows the design, in profile, including representative positions of 
soil, logs, plants and water level fitting. 
 
 
Figure 3.1  Profile drawing of the concrete wildlife pond with sketched representations of soil, 
aquatic plants, logs and plumbing fitting to maintain water level. 
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The concrete ‘trough’ ponds were 5 metres long and 2.5 metres wide, cast in-ground, with 
three vertical sides and a floor sloping along the length of the trough from zero to 1 metre 
deep.  This gave the floor of the trough a slope gradient of 1 in 5.   The ponds were poured 
on-site in holes dug to specific dimensions and with steel formwork erected in place as a 
mould.  Figure 3.2 shows one of the concrete wildlife ponds under construction. 
 
 
Figure 3.2  Construction of a concrete wildlife pond near Sea Lake, showing the steel formwork in 
place, the poured concrete and the three vertical sides and sloping floor. 
 
The resultant design held 6,000 litres of water, with the water levels maintained to within 
10cm of the rim by a float valve at the deep end, attached to a piped water supply.  The 
surface area of the water in the pond, allowing for the soil added at the shallow end, was 
approximately 11 square metres.  Figure 3.3 shows a completed concrete wildlife pond. 
The concrete wildlife ponds were orientated north/south, with the deep end to the south so 
that they all received the same level of solar radiation.  However, due to physical constraints, 
one had its deep end facing north, but was also shaded on its north side by a tree. 
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Figure 3.3  Completed concrete wildlife pond, recently planted.  The float valve which regulates the 
water level is also shown. 
 
Soil to a depth of 15—20 cm was added to the shallow half of the trough and retained by a 
row of submerged concrete blocks.  The shallow end of each pond was then planted with 
aquatic vegetation to maintain water quality and provide habitat for fauna.  The species 
chosen were Southern Water-Ribbons (Triglochin procerum), Milfoil (Achillea millefolium), 
Swamp Crassula (Crassula helmsii) and Loose-flower Rush (Juncus pauciflorus) (Figure 
3.4).  These species were chosen because they are endemic to wetlands in the region, help 
to maintain water quality, are emergent (latter two) and provide habitat for aquatic fauna.  
Grass tussocks (Poa sp.) were planted around the wildlife water points as additional cover, 
particularly for frogs.  However, most of the grass tussocks were eaten by rabbits within a 
day or two of being planted, and none survived more than a few weeks.  Branches and logs 
were placed in the wildlife water points as perches for birds seeking access to the water or 
basking sites for reptiles or frogs.  A five metre area around the pond was kept relatively 
open so that there were no places for feral cats or foxes to hide, as predators often use 
water points to wait for prey to come and drink (Jones & Coman 1981).  A narrow line of 
sticks and leaves was placed leading to the shallow end of the pond so that skinks, frogs or 
small mammals would have an access corridor offering protection from predators  The 
ponds were not designed to replicate habitat for waterbirds due to their small size.  The 
concrete trough design cost approximately $3,000 each to complete. 
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The concrete wildlife ponds were situated near the edge of a remnant Mallee woodland 
patch.  This was chosen to mimic the location of farm dams in mallee woodlands (see 
Chapter 2).  Similarly, the two hectare study area boundary was chosen with the wildlife 
pond towards one of the edges. 
The concrete wildlife ponds were established at the same time as the seven study 
treatments examined in Chapter 2.  The ponds were installed in Mallee woodlands of the 
same vegetation types chosen in Chapter 2 and their establishment comprised two 
additional study treatments.  The two treatments were a wildlife pond in a Mallee woodland 
in the Northern Mallee Pipeline region, and a wildlife pond in a Mallee woodland in the 
Wimmera Mallee Channel/dam region.  Both treatments could be compared with control 
woodland treatments in their respective regions, and with a farm dam in a woodland 
treatment. 
 
 
Figure 3.4  Close-up of a concrete wildlife pond planted with aquatic vegetation, situated in one of 
the de-commissioned channels in the Northern Mallee Pipeline region. 
 
Sediment accumulation proved not to be an issue with the concrete trough design.  Cost was 
also an important consideration if the use of artificial wildlife ponds was to be adopted by 
landholders.  Therefore, a revised wildlife pond was designed that was inexpensive, easy for 
landowners to install and provided suitable habitat for frogs to survive and breed in.  An 
excavated depression lined with a waterproof membrane was chosen (see Gascon 1994). 
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The new design wildlife ponds were constructed by excavating a circular depression in the 
ground five metres in diameter and one metre deep.  The depressions were dug with a six or 
eight foot (1.8 metre or 2.4 metre) bucket on a front-end loader.  The sides and bottom of the 
depression were hand-smoothed with a spade to an approximate bowl shape, and any 
lumps, rocks or tree roots removed.  The depression was then lined with a single 6 x 6 metre 
piece of 200μm thick dam-lining plastic, and trimmed at the top of the depression to leave a 
slight lip overlap at ground level.  A layer of shade cloth, approximately 3.7m x 4 m, was 
placed on top of the plastic to reduce the risk of puncturing the plastic during completion of 
the pond, from sharp sticks which might fall into the pond and from the claws of burrowing 
yabbies. 
The lining and shadecloth were then buried with some of the excavated soil to a compacted 
depth of 15 to 20 cm so that none of the plastic lining was exposed.  A float valve was 
attached to a fabricated concrete anchor and placed in the bottom of the pond.  Figure 3.5 
shows the second design, in profile, including representative positions of the plastic liner, 
soil, logs, plants and water level fitting.  Figures 3.6 shows one of the circular ponds under 
construction; Figure 3.7 shows one of the circular ponds complete but not yet filled or 
planted. 
 
 
Figure 3.5  Profile drawing of the circular, plastic-lined pond with sketched representations of soil, 
aquatic plants, logs and plumbing fitting to maintain water level. 
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Figure 3.6  Excavated depression for a circular pond near Kewell in the Wimmera, lined with plastic 
and shadecloth, being buried with some of the excavated soil. 
 
 
 
Figure 3.7  Completed circular pond near Culgoa, with lining buried and showing the concrete 
anchor with float valve attached.  Black Box woodland habitat is visible in the background. 
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The float valve was connected to a piped water supply.  The ponds were then filled with 
water to a level approximately 10 cm below the rim and the float valve adjusted to maintain 
water levels at this depth.  The resultant pond had a water surface area of approximately 
12.5 square metres, a water depth of approximately 60 cm and a volume of approximately 
4,000 litres. 
As with the concrete ponds, local indigenous aquatic vegetation was sourced from an 
aquatic plant nursery in the Wimmera and planted in the pond to provide habitat and cover 
for frogs, tadpoles, aquatic insects and other invertebrates.  The vegetation also helped 
maintain water quality.  Southern Water Ribbons Triglochin procurum were planted in the 
deepest area, around the middle of the pond.  Milfoil Achillea millefolium, Swamp Crassula 
Crassula helmsii, and an emergent rush such as Pale Rush Juncus pallidus, were planted in 
shallow water around the edge of the pond.  Common Spike-rush Eleocharis acutus was 
planted round the edge of the water and just beyond the water’s edge.  This rush spreads 
via underground rhizomes and rapidly covers the edge of the pond, potentially providing very 
effective cover for frogs.  Logs and branches were placed in and around the ponds to 
provide drinking perches for birds and cover for frogs (Figures 3.8 & 3.9). 
 
 
Figure 3.8  Same circular pond near Culgoa (as shown in Figure 3.7), filled with water, newly 
planted with aquatic vegetation and with a few placed logs and branches. 
 
The two hectare study area was established around each circular pond, with the pond 
centred in the study area.  In the Wimmera Mallee Channel/dam region, the circular ponds 
were established in Black Box woodland habitats where they formed part of a riparian 
corridor along a natural water course.  At all eight sites, the adjacent natural water course 
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had been incorporated into the Wimmera Mallee Domestic and Stock Channel System.  
Each site had a channel-filled farm dam situated within 200 metres of the edge of the study 
site.  Farm dams were often dug on the edge of riparian Black Box woodlands, where the 
natural water courses form part of stock and domestic system (see van Veldhuisen 2001). 
In the Wimmera Mallee Channel/dam region, the original intention was to investigate two 
artificial wildlife pond treatments.  The first treatment involved ponds kept full to determine 
how permanent water points were used by different frog species.  The second treatment 
involved manipulating water levels to allow seasonal drying to determine how periodically dry 
water points were used by different frog species.  Four replicates of each treatment were 
established. 
One pond developed a serious leak shortly after completion which could not be repaired 
adequately.  Therefore, this pond could not be used as part of the study.  Two other ponds 
developed leaks and these were repaired.  One (FP5) developed a leaked after the 
landholder’s dog jumped in and cut through the lining scrambling out.  The other (FP3) 
developed a leak after conscruction due to a sharp object under the lining.  The object was 
removed and the lining repaired. 
Due to on-going drought conditions in the region and the lack of channel flows due to very 
low storage in the catchments, all of the farms where the ponds were installed were subject 
to water restrictions.  This meant that water had to be supplied from water tanks on the farm 
properties.  Water levels in the ponds were therefore dependent on supply availability and 
could not be readily manipulated by design. 
In the Northern Mallee Pipeline region, the lack of suitable Black Box woodland sites 
prevented sites being established consistent with those in the Wimmera Mallee 
Channel/dam region.  Ponds were constructed in, or adjacent to dis-used farm dams that 
were situated in remnant mallee vegetation.  Water was supplied to these ponds via on-farm 
connections to the Northern Mallee Pipeline.  The ponds completed between December 
2007 and April 2008.  Water levels in these ponds were kept full for the duration of the study. 
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Figure 3.9  Completed circular pond at Kewell, after 6 months growth of planted aquatic vegetation. 
 
3.2.2 Data collection and analysis 
Fauna was sampled from the two concrete wildlife pond treatments using the same 
methodology and over the same time period as the seven treatments described in Chapter 
2. 
For the circular wildlife ponds, fauna surveys were conducted within a 2 hectare area around 
the wildlife pond and at the adjacent water source.  Diurnal surveys were undertaken 
between August 2007 and September 2009.  They included a survey prior to filling the 
ponds, mostly undertaken in Spring 2007, surveys over five season periods from Summer 
2007/08 to Summer 2008/09, plus a second Spring survey, in 2009.  Nocturnal surveys were 
undertaken in Winter 2008, Spring 2008 and again in Spring 2009.  Frog species present in 
the wildlife ponds and the adjacent water sources were recorded during the surveys.  Due to 
the time taken to construct the wildlife ponds and the reliance on landholder availability for 
construction, pre-fill surveys for three of the Northern Mallee Pipeline ponds were 
undertaken in Autumn 2008. 
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Survey details for each of the 19 wildlife pond study sites, their treatment type, site code 
used for data storage and analysis, geographic region and habitat type of each site, plus the 
date each faunal group was surveyed are shown in Table 3.3.  Survey details and dates for 
the four farm dam in Mallee woodland sites and for the four Mallee woodland control sites 
are shown in Table 2 (see Chapter 2). 
The frog sampling methodology used was based on established standard techniques (see 
Heyer et al. 1994).  Diurnal searches for frogs were conducted for 30 minutes and involved 
listening for calling frogs, visual searches of the wildlife pond for frogs or tadpoles, and 
searching under logs, branches and other objects for sheltering individuals.  The tiles and 
corrugated iron artificial refuges were also searched by flipping the tiles and iron sheets over 
and searching for sheltering individuals. 
Nocturnal surveys were undertaken at times when rainfall was sufficient to produce surface 
water and frog activity could be expected.  The nocturnal searches involved listening for 
calling frogs, using call playback, searching the wildlife pond and surrounding area with a 
spotlight, and searching under natural and artificial objects around the pond and within the 2 
hectare study area.  On approach to a study site, the first five minutes of the visit was spent 
standing still at the edge of the 2 hectare study area and listening for calling frogs.  This was 
done because frogs are sensitive to being approached and often stop calling (Burton et al. 
2006).  Remaining still for a period allows frogs time to recover from disturbance and resume 
any calling activity (Burton et al. 2006). 
Call playback was then used in an attempt to identify frogs which may have been present but 
not calling.  For some frog species, present but non-calling males can be stimulated to call 
by playing recorded calls through a speaker (Heyer et al. 1994). The call playback technique 
requires that males present will call in response to the stimulation of a played recording 
(Heyer et al. 1994; DEWHA Undated).  Recorded calls of the 12 frog species likely to occur 
in the study area were played in turn, with a 30 second pause between each to listen for any 
response calls from frogs within or near the study area.  A spotlight was used to search for 
frogs and tadpoles in the wildlife ponds, and for frogs in the surrounding 2 hectare study 
area, for 15 minutes.  The tiles and corrugated iron artificial refuges were also searched by 
flipping the tiles and iron sheets over and searching for sheltering individuals.  Sheltering 
individuals were identified visually, where possible.  If a frog moved too quickly or the 
species’ identity uncertain it was recorded as unidentified frog species.  If a small frog was 
identified down to either of the two species of froglets (Crinia signifera and C. parinsignifera) 
but the exact species was uncertain, it was recorded as Crinia spp.  Tadpoles were not 
identified to species level. 
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Table 3.3  Survey details of the 19 wildlife pond study sites listed by treatment and showing their site code, geographic region, habitat type and the dates of 
each survey for the four faunal groups. 
Treatment 
Site 
Code Geographic Region Habitat Type 
Faunal group surveyed and survey dates 
Frogs/ 
Reptiles Birds Mammals Nocturnal 
Wildlife pond, concrete 
  
NW1 
  
Northern Mallee Pipeline region 
  
Mallee woodland 
  
25/08/2005 28/07/2005 28/07/2005 - 
12/10/2005 12/10/2005 12/10/2005 4/11/2005 
6/01/2006 23/12/2005 23/12/2005 11/01/2006 
21/04/2006 16/03/2006 16/03/2006 3/05/2006 
Wildlife pond, concrete 
  
NW2 
  
Northern Mallee Pipeline region 
  
Mallee woodland 
  
26/08/2005 4/11/2005 4/11/2005 3/11/2005 
4/11/2005 20/01/2006 20/01/2006 19/01/2006 
20/01/2006 4/04/2006 4/04/2006 3/04/2006 
21/04/2006 9/06/2006 9/06/2006 - 
Wildlife pond, concrete 
  
NW3 
  
Northern Mallee Pipeline region 
  
Mallee woodland 
  
25/08/2005 4/08/2005 4/08/2005 - 
12/10/2005 12/10/2005 12/10/2005 4/11/2005 
6/01/2006 6/01/2006 6/01/2006 11/01/2006 
4/05/2006 16/03/2006 16/03/2006 3/05/2006 
Wildlife pond, concrete 
  
NW4 
  
Northern Mallee Pipeline region 
  
Mallee woodland 
  
6/10/2005 10/11/2005 10/11/2005 9/11/2005 
23/02/2006 23/02/2006 23/02/2006 22/02/2006 
12/05/2006 12/05/2006 12/05/2006 11/05/2006 
28/07/2006 28/07/2006 28/07/2006 - 
Wildlife pond, concrete 
  
WP1 
  
Wimmera Mallee Channel/ dam 
region 
  
Mallee woodland 
  
31/08/2005 7/10/2005 7/10/2005 11/10/2005 
2/11/2005 4/01/2006 4/01/2006 - 
4/01/2006 30/03/2006 30/03/2006 2/03/2006 
30/03/2006 15/06/2006 15/06/2006 31/05/2006 
Wildlife pond, concrete 
  
WP2 
  
Wimmera Mallee Channel/ dam 
region 
  
Mallee woodland 
  
24/08/2005 6/07/2005 6/07/2005 - 
21/10/2005 25/10/2005 25/10/2005 28/11/2005 
31/01/2006 31/01/2006 31/01/2006 23/02/2006 
9/03/2006 9/03/2006 9/03/2006 19/05/2006 
Wildlife pond, concrete 
  
WP3 
  
Wimmera Mallee Channel/ dam 
region 
  
Mallee woodland 
  
29/11/2005 29/11/2005 29/11/2005 28/11/2006 
11/01/2006 24/02/2006 24/02/2006 23/02/2006 
19/04/2006 31/03/2006 31/03/2006 - 
16/06/2006 16/06/2006 16/06/2006 19/05/2006 
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Table 3.3  Continued. 
Treatment 
Site 
Code Geographic Region Habitat Type 
Faunal group surveyed and survey dates 
Frogs/ 
Reptiles Birds Mammals Nocturnal 
Wildlife pond, concrete 
  
WP4 
  
Wimmera Mallee Channel/ dam 
region 
  
Mallee woodland 
  
31/08/2005 1/06/2005 1/06/2005 17/08/2005 
9/11/2005 6/10/2005 6/10/2005 21/10/2005 
31/01/2006 14/12/2005 14/12/2005 17/02/2006 
26/04/2006 22/03/2006 22/03/2006 - 
Wildlife pond, circular 
  
FP1 
  
Wimmera Mallee Channel/ dam 
region 
  
Black Box woodland 
  
38/08/2007 -  - 
21/02/2008 21/02/2008  - 
16/05/2008 16/05/2008  - 
22/08/2008 22/08/2008  6/08/2008 
16/10/2008 16/10/2008  18/12/2008 
8/01/2009 -  22/10/2009 
Wildlife pond, circular 
  
FP2 
  
Wimmera Mallee Channel/ dam 
region 
  
Black Box woodland 
  
23/08/2007 -  - 
21/02/2008 3/01/2008  - 
16/05/2008 16/05/2008  - 
22/08/2008 22/08/2008  6/08/2008 
16/10/2008 16/10/2008  18/12/2008 
8/01/2009 -  22/10/2009 
Wildlife pond, circular 
  
FP3 
  
Wimmera Mallee Channel/ dam 
region 
  
Black Box woodland 
  
24/08/2007 -  - 
11/01/2008 -  - 
2/05/2008 21/08/2008  - 
21/08/2008 20/11/2008  28/08/2008 
20/11/2008 29/01/2009  10/12/2008 
29/01/2009 11/06/2009  22/10/2009 
Wildlife pond, circular 
  
FP4 
  
Wimmera Mallee Channel/ dam 
region 
  
Black Box woodland 
  
24/08/2007 -  - 
11/01/2008 11/01/2008  - 
2/05/2008 2/05/2008  - 
21/08/2008 21/08/2008  7/08/2008 
20/11/2008 20/11/2008  10/12/2008 
29/01/2009 -  22/10/2009 
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Table 3.3  Continued. 
Treatment 
Site 
Code Geographic Region Habitat Type 
Faunal group surveyed and survey dates 
Frogs Birds Mammals Nocturnal 
Wildlife pond, circular  
(repaired) 
  
FP5 
  
Wimmera Mallee Channel/ dam 
region 
  
Black Box woodland 
  
16/8/2007 -  - 
29/02/2008 4/01/2008  - 
8/05/2008 8/05/2008  - 
17/07/2008 17/07/2008  8/08/2008 
1/10/2008 1/10/2008  17/12/2008 
11/02/2009 -  14/02/2008 
Wildlife pond, circular 
  
FP6 
  
Wimmera Mallee Channel/ dam 
region 
  
Black Box woodland 
  
17/10/2007 -  - 
15/02/2008 15/02/2008  - 
21/05/2008 21/05/2008  - 
13/08/2008 13/08/2008  14/08/2008 
17/12/2008 17/12/2008  17/12/2008 
28/01/2009 -  14/02/2008 
Wildlife Pond, circular 
 
FP7 Wimmera Mallee Channel/ dam 
region 
Black Box woodland (abandoned) 
Wildlife pond, circular 
  
FP8 
  
Wimmera Mallee Channel/ dam 
region 
  
Black Box woodland 
  
16/10/2007 -  - 
30/01/2008 30/01/2008  - 
22/05/2008 22/05/2008  - 
18/07/2008 18/07/2008  20/08/2008 
1/10/2008 1/10/2008  23/12/2008 
11/03/2009 -  29/10/2009 
Wildlife pond, circular 
  
FP9 
  
Northern Mallee Pipeline region 
  
Mallee woodland 
  
11/12/2007 -  - 
14/02/2008 14/02/2008  - 
29/05/2008 29/05/2008  - 
14/08/2008 14/08/2008  13/08/2008 
27/11/2008 27/11/2008  26/11/2008 
- -  1/10/2009 
Wildlife pond, circular 
  
FP10 
  
Northern Mallee Pipeline region 
  
Mallee woodland 
  
24/04/2008 -  - 
28/08/2008 28/08/2008  - 
24/12/2008 24/12/2008  - 
6/02/2009 6/02/2009  27/08/2008 
30/04/2009 30/04/2009  19/11/2008 
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Table 3.3  Continued. 
Treatment 
Site 
Code Geographic Region Habitat Type 
Faunal group surveyed and survey dates 
Frogs Birds Mammals Nocturnal 
Wildlife pond, circular FP10 Northern Mallee Pipeline region Mallee woodland 15/09/2009 -  1/10/2009 
Wildlife pond, circular 
  
FP11 
  
Northern Mallee Pipeline region 
  
Mallee - Black Box 
woodland 
28/3/2008 -  - 
28/08/2008 28/08/2008  - 
24/12/2008 24/12/2008  - 
22/01/2009 22/01/2009  27/08/2008 
30/04/2009 6/02/2009  19/11/2008 
15/09/2009 -  30/09/2009 
Wildlife pond, circular 
  
FP12 
  
Northern Mallee Pipeline region 
  
Mallee woodland 
  
3/04/2008 -  - 
14/08/2008 14/08/2008  - 
27/11/2008 27/11/2008  - 
22/01/2009 22/01/2009  13/08/2008 
30/04/2009 30/04/2009  26/11/2008 
15/09/2009 -  1/10/2009 
Control C1 Wimmera Mallee Channel/ dam 
region 
Black Box woodland 21/12/2007 21/12/2007  - 
28/03/2008 28/03/2008  10/10/2007 
12/06/2008 12/06/2008  10/01/2008 
2/10/2008 2/10/2008  20/08/2008 
Control C2 Wimmera Mallee Channel/ dam 
region 
Black Box woodland 27/11/2007 27/11/2007  - 
14/02/2008 14/02/2008  26/11/2008 
14/08/2008 14/08/2008  13/2/2008 
27/11/2008 11/06/2009  13/8/2008 
Control C3 Northern Mallee Pipeline region Black Box woodland 25/01/2008 24/08/2007  - 
30/05/2008 25/01/2008  6/8/2008 
8/08/2008 30/05/2008  10/12/2008 
18/12/2008 8/08/2008  20/2/2008 
Control C4 Wimmera Mallee Channel/ dam 
region 
Black Box woodland 27/09/2007 29/07/2007  - 
11/01/2008 11/01/2008  4/10/2007 
2/05/2008 2/05/2008  13/8/2008 
21/08/2008 21/08/2008  14/02/2008 
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Analysis of the results for both the concrete wildlife ponds and circular wildlife ponds, and 
the comparisons with their control sites, followed the same methodology employed for the 
reptile and frog surveys described in Chapter 2, sections 2.2.4 and 2.2.5. 
 
3.3 RESULTS 
No frogs were recorded occupying the concrete wildlife ponds in either the Wimmera Mallee 
Channel/dam region or the Northern Mallee Pipeline region during the first part of the study. 
The survey results from the circular wildlife ponds and adjacent water sources were more 
encouraging.  Six species of frogs were recorded during the surveys.  The six species were 
Crinia parinsignifera, C. signifera, Limnodynastes tasmaniensis, L. dumerili, Pseudophryne 
bibronii and Neobatrachus sudelli.  Frogs were found both in the wildlife ponds and under 
the objects placed around the ponds.  For the other water sources, frogs were found either 
at the edge of the water source or under objects within a few metres of the edge.  No frogs 
were found more than 5 metres from a water point.  The survey results can be summarised 
by showing the reporting rate of each species recorded at the wildlife ponds and each 
species recorded at the adjacent water source.  Table 3.4 shows the reporting rate results 
for the 11 wildlife ponds and their adjacent water source.  Sites are labelled by their site 
codes (see Table 3.3).  Results for the diurnal and nocturnal fauna surveys are combined.  
Not all frogs seen could be identified to species level, so the presence of unidentified frog 
species is also shown.  Frog spawn or tadpoles, where recorded, are also shown. 
The results in Table 3.4 show that frogs were recorded in eight of the 11 study sites.  Frogs 
were recorded at all seven wildlife ponds in the Wimmera Mallee Channel/dam region, and 
one of the four wildlife ponds in the Northern Mallee Pipeline region. 
The most widespread frog species, and the species with the highest relative abundance was 
Limnodynastes tasmaniensis, being found in eight of the 11 study sites.  Pseudophryne 
bibronii was only recorded at one study site (Table 3.4). 
Five frog species were recorded utilising the wildlife ponds.  The five species were Crinia 
parinsignifera, C. signifera, Limnodynastes tasmaniensis, L. dumerili and Pseudophryne 
bibronii.  Limnodynastes tasmaniensis, was recorded in eight of the 11 wildlife ponds.  
Pseudophryne bibronii was the only frog species recorded utilising the wildlife ponds but not 
recorded in adjacent water sources (Table 3.4).  Frog breeding, as evidenced by the 
presence of spawn and tadpoles, was recorded in five of the eight occupied wildlife ponds. 
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Table 3.4  Summary of results of frog surveys from the seven study sites in Black Box woodlands in the Wimmera Mallee Channel/dam region, and four 
sites in the Northern Mallee Pipeline region.  The reporting rate of frog species, spawn and/or tadpoles for both wildlife ponds and adjacent (other) water 
sources at each site are shown.  Empty cells indicate a reporting rate of zero. 
Study sites Crinia 
parinsignifera 
Crinia signifera 
 
Limnodynastes 
tasmaniensis 
Limnodynastes 
dumerili 
Pseudophryne 
bibronii 
Neobatrachus 
sudelli 
unidentified 
frog spp. 
Spawn and/or 
tadpoles 
   
   
W
im
m
er
a 
M
al
le
e 
C
ha
nn
el
/d
am
 
 re
gi
on
 
FP1 
Pond 0.22 0.11 0.11  0.11  0.22 0.22 
Other 0.22   0.11  0.11  0.11 
FP2 
Pond   0.11     0.33 
Other 0.22   0.11  0.11   
FP3 
Pond   0.63     0.13 
Other         
FP4 
Pond  0.33 0.22    0.11 0.11 
Other  0.11  0.22     
FP5 
Pond   0.13 0.13   0.13  
Other         
FP6 
Pond   0.13    0.13  
Other 0.11  0.11      
FP8 
Pond 0.11  0.44    0.11  
Other   0.13    0.13  
N
or
th
er
n 
M
al
le
e 
 
Pi
pe
lin
e 
re
gi
on
 
FP9 
Pond   0.71    0.14 0.14 
Other   0.29   0.29  0.14 
FP10 
Pond         
Other         
FP11 
Pond         
Other         
FP12 
Pond         
Other         
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Five frog species were recorded in the water sources adjacent to the wildlife ponds.  The five 
species were Crinia parinsignifera, C. signifera, Limnodynastes tasmaniensis, L. dumerili 
and Neobatrachus sudelli.  Of these, N. sudelli was the only frog species recorded in an 
adjacent water source but not recorded utilising the wildlife ponds.  The most widespread 
frog species in the adjacent water sources, and the species with the highest reporting rate 
there, was Crinia parinsignifera, being found in three sites (Table 3.4). 
The results shown in Table 3.4 suggest that there is not a strong correlation between the 
presence of frogs in the adjacent water source and the presence of frogs in the wildlife 
ponds.  For example, at two sites (FP3 and FP5), frogs were recorded in the wildlife ponds 
but no frogs were recorded in the adjacent water source.  If the species data shown in Table 
3.4 are pooled, there are 11 occurrences where a frog species (or spawn/tadpoles) is 
recorded only in the wildlife pond, eight occurences where a frog species (or 
spawn/tadpoles) is recorded only in the other water source, and seven occurrences where a 
frog species (or spawn/tadpoles) are recorded in both water points (Table 3.4). 
Detectability of frogs in the adjacent water sources also varied.  For example, frogs were 
recorded in the adjacent water source at site FP4 during the Winter/Spring pre-fill survey but 
not the following Summer survey, despite water still present in the adjacent source.  
Similarly, frogs were not detected in the adjacent water sources during the Winter/Spring 
pre-fill surveys at sites FP6 and FP8, but were recorded during the following Summer survey 
(see below). 
3.3.1 Time to colonisation 
The circular wildlife ponds were constructed over a five month period between September 
2007 and January 2008.  A range of months between completion of the pond and 
colonisation of the pond by frogs was calculated from the survey data.  The range covers the 
inter-survey period and therefore the exact timing of colonisation is unknown.  Table 3.5 
shows the minimum and maximum number of months between completion of the wildlife 
ponds and occupancy for five frog species. 
Frogs were first recorded in a wildlife pond in August 2008, when one Crinia signifera was 
recorded at site FP4.  By December 2008, six of the seven wildlife ponds in the Wimmera 
Mallee Channel/ dam region were occupied (see below). 
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Table 3.5  Minimum and maximum interval (months) between completion of the wildlife pond and 
occupancy by frogs for the seven artificial ponds in the Wimmera Mallee Channel/ dam region.  Sites 
are identified by their site code.  The season in which frogs were first observed in the wildlife ponds is 
also shown. 
 
Frog Species FP1 FP2 FP3 FP4 FP5 FP6 FP7 
Limnodynastes 
tasmaniensis 7—11 10—14 10—13 14—16 17+ 15—20 6—9 
Limnodynastes 
dumerili - - - - 11—15 - - 
Pseudophryne 
bibronii 7—11 - - - - - - 
 
Crinia signifera - - - 8—11 - - - 
Crinia 
parinsignifera 7—11 - - - - - 7—11 
 
Crinia spp 7—9 - - - 10—13 15—20 - 
Season of first 
appearance Spring Summer Spring Winter Spring Spring Spring 
 
Table 3.5 shows that the minimum interval between completion of the wildlife pond and 
occupancy by frogs is six to seven months, with a maximum colonisation period extending 
up to 20 months.  By site, the minimum period to colonisation for any frog species ranged 
from 6.7 months (Sites FP1 and FP7), 8 months (FP4), 10 months (FP2, FP3, FP4, FP5) 
and 15 months (FP6). 
By time of year, frogs first appeared in the wildlife ponds in Spring in five of the seven sites, 
in late winter at one site (FP4) and late summer at one site (FP2).  However, a dead, rotting 
animal had been removed from pond FP2 seven weeks before the first frogs were found 
there, so it is possible that the putrid water could have kept frogs away from the pond until 
the water cleared. 
The time to colonisation varied both for species within ponds and for species between ponds 
(Table 3.5).  For example, at site FP5, Limnodynastes dumerili was quicker at colonising the 
wildlife pond than Limnodynastes tasmaniensis.  Similarly, at site FP4, Crinia signifera were 
quicker at colonising the pond than Limnodynastes tasmaniensis.  However, these two 
species, and also Pseudophryne bibronii, all colonised pond FP1 at around the same time. 
For Limnodynastes tasmaniensis, the only species recorded occupying all seven wildlife 
ponds, time to colonisation varied considerably between sites, ranging from 6—9 months at 
site FP7 to over 17 months at site FP5. 
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3.3.2 Occupancy of ponds by site 
One factor which could influence pond colonisation and occupancy is the presence of water 
in the adjacent water sources.  Water was present in the adjacent water points during the 
pre-fill surveys of each site and during construction of the wildlife ponds.  The presence of 
frogs and the presence of water in the wildlife ponds and in the adjacent water sources have 
been tabulated for each site and for each season.  The results are shown in Table 3.6. 
Examination of Table 3.6 shows that, for both the wildlife ponds and the adjacent water 
points, frogs were recorded only when water was present, with one exception.  Frogs were 
detected at pond FP7 in Spring 2009 despite the pond being dry.  The frogs were found 
sheltering under objects placed at the edge of the pond.  The majority of frog sightings were 
made in Spring and Summer, with single sightings only in Autumn 2008 (FP1) and Winter 
2008 (FP4) (Table 3.6). 
At six of the seven sites, frogs were not recorded utilising the wildlife ponds until after the 
adjacent water source had dried up.  The other site (FP7) had a large adjacent dam which 
rarely dries out.  Water levels in this dam had dropped below the level of its fringing 
emergent vegetation when frogs were first recorded in the wildlife pond. 
At four sites (FP1, FP2, FP6 and FP7), frogs were recorded in the adjacent water source 
first, then these dried up and frogs were then recorded in the wildlife ponds (Table 3.6).  At 
FP4, frogs were first recorded in the adjacent water source, then in both the wildlife pond 
and adjacent water source, before this dried up and frogs were then only recorded in the 
wildlife pond.  Interestingly, at FP1, frogs were found in both the wildlife pond and the 
adjacent water source in Summer 2008/2009, when the adjacent water source had filled 
following rain, then retreated to the wildlife pond in Spring 2009 after the adjacent water 
source dried out again (Table 3.6).  At two sites (FP3 and FP5), frogs were only recorded in 
the wildlife pond and were not recorded in the adjacent water source. 
For the adjacent water sources, frog presence varied.  Frogs were no longer detected 
around the adjacent water sources once the water source dried up, but at two sites (FP1 & 
FP4), frogs returned to the adjacent water source after water re-appeared.  At four sites, 
frogs were no longer recorded from the adjacent water source even though water was still 
present.  This occurred between Summer and Autumn at three of the sites (FP2, FP6 & 
FP8), and between Spring and Summer at the fourth site (FP4) (Table 3.6). 
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Table 3.6  Presence of water and presence of frogs in the wildlife ponds and adjacent (other) water sources by season for the seven study sites in the 
Wimmera Mallee Channel/dam region.  Sites are identified by their site code.  Blue highlighted cells show presence of water.  Green highlighted cells show 
presence of frogs.  Cells containing a dash (-) indicate no survey undertaken. 
Wildlife pond site 
Winter/Spring 
2007 (pre-fill) 
Summer 
2007/08 Autumn 2008 Winter 2008 Spring 2008 
Summer 
2008/09 Spring 2009 
Pond Other Pond Other Pond Other Pond Other Pond Other Pond Other Pond Other 
FP
1 
Water present? - yes yes no yes yes yes no yes no yes yes yes no 
Crinia spp - no no no no no no no yes no yes no no no 
C. signifera - no no no no no no no no no no no yes no 
C. parinsignifera - no no no no yes no no no no yes yes yes no 
L. tasmaniensis - no no no no no no no no no yes no no no 
L. dumerili - no no no no no no no no no no yes no no 
P. bibronii - no no no no no no no no no yes no no no 
N. sudelli - no no no no no no no no no no yes no no 
tadpoles - no no no no no no no no no yes yes yes no 
FP
2 
Water present? - yes yes yes yes yes yes yes no no yes yes yes no 
C. parinsignifera - yes no no no no no no no no no yes no no 
L. tasmaniensis - no no no no no no no no no yes no no no 
L. dumerili - no no no no no no no no no no yes no no 
N. sudelli - no no no no no no no no no no yes no no 
Frog spp - no no yes no no no no no no no no no no 
tadpoles - no no no no no no no no no no no yes no 
FP
3 
Water present? - yes no no yes no yes no yes no yes no yes no 
L. tasmaniensis - no no no no no no no yes no yes no yes no 
tadpoles - no no no no no no no no no yes no no no 
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Table 3.6  Continued. 
Wildlife pond site 
Winter/Spring 
2007 (pre-fill) 
Summer 
2007/08 Autumn 2008 Winter 2008 Spring 2008 
Summer 
2008/09 Spring 2009 
Pond Other Pond Other Pond Other Pond Other Pond Other Pond Other Pond Other 
FP
4 
Water present? - yes yes yes yes no yes yes yes no yes no yes no 
Crinia spp - no no no no no no no no no no no yes no 
C. signifera - yes no no no no yes yes no no no no yes no 
C. parinsignifera - yes no no no no no no no no no no no no 
L. tasmaniensis - yes no no no no no no no no yes no yes no 
L. dumerili - yes no no no no no no no no no no no no 
Frog spp - no no no no no no no yes no no no yes no 
tadpoles - no no no no no no no yes no no no no no 
FP
5 
Water present? - yes yes yes yes no yes yes yes no yes no yes ? 
Crinia spp - no no no no no no no yes no no no no - 
L. tasmaniensis - no no no no no no no no no no no yes - 
L. dumerili - no no no no no no no no no yes no no - 
FP
6 
Water present? - yes no yes yes no yes no no no yes no yes no 
C. signifera - no no yes no no no no no no no no no no 
C. parinsignifera - no no yes no no no no no no no no no no 
Crinia spp - no no no no no no no no no no no yes no 
L. tasmaniensis - no no yes no no no no no no no no yes no 
FP
7 
Water present? - yes yes yes yes yes yes yes yes yes yes yes no yes 
C. parinsignifera - no no no no no no no no no yes no no no 
L. tasmaniensis - no no yes no no no no yes no yes no yes no 
Frog spp - no no yes no no no no no no yes no no no 
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Table 3.7  Presence of water and presence of frogs in the wildlife pond and adjacent (other) water source by season at Northern Mallee Pipeline site FP9.  
Blue highlighted cells show presence of water.  Green highlighted cells show presence of frogs.  Cells containing a dash (-) indicate no survey undertaken. 
Wildlife pond site 
Spring/Summer 
2007 (pre-fill) 
Summer 
2007/08 Autumn 2008 Winter 2008 Spring 2008 
Summer 
2008/09 Spring 2009 
Pond Other Pond Other Pond Other Pond Other Pond Other Pond Other Pond Other 
FP
9 
Water present? - no yes no yes yes yes yes yes no ? ? yes no 
L. tasmaniensis - no no no no yes yes yes no no - - yes no 
N. sudelli  no no no no no no yes no no - - no no 
Frog spp - no no no no no no no yes no - - no no 
tadpoles - no no no no no no yes no no - - yes no 
FP
10
 Water present? - - - - - no yes no yes no yes no yes no 
No frogs found               
FP
11
 Water present? - - - - no no yes no yes no yes no yes yes 
No frogs found               
FP
12
 Water present? - - - - no yes yes no yes no yes no yes no 
No frogs found               
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3.3.3 Occupancy of ponds by species 
Generally, once frogs were detected in one of the wildlife ponds, they were recorded in the 
pond in subsequent surveys.  However, there was no consistent pattern of occupancy at the 
species level.  For example, L. tasmaniensis was recorded in all seven wildlife ponds.  For 
three of the ponds, L. tasmaniensis was detected in all subsequent seasons after first 
detection.  In two ponds, L. tasmaniensis was not detected in subsequent surveys after first 
detection.  For the other two sites, L. tasmaniensis was recorded in the last survey 
undertaken (Table 3.6). 
Similarly, C. signifera was recorded in the wildlife pond at site FP4 in Winter 2008, was not 
detected there during the following Spring 2008 (though an unidentified species of frog was) 
and Summer 2008/2009 surveys, but was detected again in Spring 2009.  The adjacent 
water source remained dry from Spring 2008 (Table 3.6). 
The Summer 2008/2009 survey of site FP1 detected three species of frogs in the wildlife 
pond, two of which (L. tasmaniensis and P. bibronii) had not been recorded there previously 
nor subsequently. 
3.3.4 Northern Mallee Pipeline region 
The only site in the Northern Mallee Pipeline region where frogs were recorded was FP9, 
and the results of the seasonal surveys at this site are shown in Table 3.7.  Although no 
frogs were recorded at this site during the pre-fill survey, a single Limnodynastes 
tasmaniensis was discovered under a piece of wood on the bank of the old channel-fed dam 
during the initial site inspection with the landowner.  The bottom of this dam was kept moist, 
to a degree, by the discharge of grey water and storm water from the nearby landowner’s 
house. The dam would therefore hold water more readily after rain than most other dis-used 
Northern Mallee Pipeline dams. 
The results in Table 3.7 show a similar pattern of occupancy to sites in the Wimmera Mallee 
Channel/dam region.  Other than the pre-surveys site inspection (see above), frogs were 
only detected at the FP9 water sources when water was present there.  Frogs were recorded 
first in the adjacent water source (Autumn 2008), then in both the wildlife pond and adjacent 
water source when water was present in both (Winter 2008), then only in the wildlife pond 
when the adjacent water source was dry (Spring 2008 and Spring 2009). 
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3.4 DISCUSSION 
3.4.1 Value of artificial wildlife ponds to frogs 
The results demonstrate that frogs will colonise and breed in artificial wildlife ponds 
established in agricultural regions of the Wimmera and southern Mallee.  This finding 
supports the findings of other studies both in Australia and overseas, that frogs will occupy 
and breed in suitable artificial sites (e.g. Baker & Halliday 1999; Monello & Gerald Wright 
1999; Pyke & White 1999; Hazell et al. 2004).  The artificial wildlife ponds which were 
colonised during this study were all situated within 200 metres of existing, occupied frog 
habitat.  In the Wimmera Mallee Channel/dam region, the occupied habitat was farm dams 
still receiving water from channels.  In the Northern Mallee Pipeline region, the only wildlife 
pond colonised was situated near a decommissioned farm dam that received a secondary 
water source (storm water and grey water from a nearby house). 
3.4.2 Distance from occupied sites 
The limiting factor for occupancy of artificial wildlife ponds in the Wimmera and Mallee 
regions appears to be the distance between the artificial wildlife ponds and existing occupied 
frog habitat.  In the first part of the study, the artificial wildlife ponds were all situated at least 
900 metres from the nearest channel-fed dam, and none of the ponds was colonised.  At the 
time of the study, dams and channels were still active, and frogs were found in all four farm 
dam in mallee woodland sites, in two of the farm dam in open paddock sites and also in two 
open channel sites (see Chapter 2).  It is considered that most frogs originally reached farm 
dams via the channel system, the annual releases of water enabling frogs to disperse along 
the system.  To colonise the artificial wildlife ponds established in mallee woodland sites, 
frogs would have to cross an arid environment over distances of at least 900 metres.  
Although frogs are capable of moving over distances greater then 900 metres (e.g. Pyke & 
White 2001; Smith & Green 2005), the time taken to move between ponds increases with 
distance (Marsh et al. 1999; Bulger et al. 2003).  It is possible that the concrete design did 
not provide suitable habitat for frogs (vegetated only across one side, steep-sided and 
exposed on the three sides).  Although occupancy of the concrete design was not tested, 
frogs are capable of inhabiting a wide range of artificial sites (Littlejohn 1966; Barker et al. 
1995; see 3.1 Introduction). 
In the second part of the study, the circular wildlife ponds in the Wimmera Mallee 
Channel/dam region were situated within 200 metres of the nearest channel-fed dam, and all 
seven of the ponds were colonised by frogs.  In the Northern Mallee Pipeline region, the 
circular wildlife ponds were also situated within 200 metres of the nearest channel-fed dam 
but the dams had been decommissioned for at least 10 years.  The only circular pond 
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colonised had a population of frogs present in the adjacent dam, and this dam had a 
secondary source of water.  The lack of colonisation of the other three circular ponds is likely 
to reflect the lack of any nearby frog populations capable of colonising the ponds, despite all 
three being established next to (decommissioned) dams.  No frogs were recorded in the 
decommissioned dams, strongly suggesting that frog populations had died out at these sites, 
with the possible exception of species which are able to aestivate, such as burrowing frogs.  
These species can remain underground for extended periods until conditions become 
suitable (Warburg 1965; Withers 1993, 1995).  Borrowing frogs may have still been present 
at the sites but conditions during the survey period were not sufficient to wake aestivating 
frogs. 
The findings of this study indicate that distance from an occupied site is a strong limiting 
factor for frog colonisation of new habitats in the Wimmera and Mallee regions.  Studies in 
Australia and overseas have shown both a high degree of variation in the distances that 
frogs are capable of moving, and also a high variation in the movement capabilities of 
different frog species (e.g. Pyke & White 2001; Smith & Green 2005; Wassens et al. 2008).  
Movement studies of the North American migratory frog Rana aurora draytonii showed that 
movements over distances of >1000 metres took 35—60 days (Bulger et al. 2003).  Most 
movement occurred after 1-day rainfall events of at least 25mm.  Also, the study area was in 
a region receiving over 1000mm mean annual rainfall, and the study conducted in a wet 
year, when 1800 mm was recorded  (Bulger et al. 2003).  Although the movements over the 
distances measured by Bulger et al. (2003) occurred over a considerable time, the prevailing 
conditions were wet and thus conducive to lengthy frog movement.  Similarly, Baker & 
Halliday (1999) found that frogs were able to colonise new ponds up to 950 metres from 
existing ponds.  Their study area receives 600 to 810mm annual rainfall (Met Office UK 
website), twice the rainfall of the Wimmera and southern Mallee (see Chapter 1) and thus 
with much wetter prevailing conditions more suitable for long distance frog movements. 
Frog movement across terrestrial habitats is easier in a wet environment, such as during or 
shortly after rain, or when there are continuous habitat dispersal corridors such as 
waterways, channels or wetlands in close proximity to each other (Speiler & Linsenmair 
1998; Bulger et al. 2003; Wassens et al. 2008).  Speiler & Linsenmair (1998) found that the 
west African frog Hoplobatrachus occipitalis only left their refuges in a drying creek bed at 
the start of the rainy season, when rainfall was sufficient to fill previously dry ponds in the 
surrounding savannah.  To colonise the artificial wildlife ponds established in mallee 
woodlands would require frogs to move over 900 metres across an arid environment, a 
journey which could take many days.  Arid environments are naturally dry and afford few 
refuges against desiccation.  It is likely that the arid environment of mallee woodlands in the 
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Wimmera and southern Mallee regions was an effective barrier to frog movements, 
preventing colonisation of the artificial ponds during the study period. 
3.4.3 Time to colonisation 
The second part of the study showed some variability in the timing of colonisation of the 
circular wildlife ponds.  The ponds were not immediately colonised by frogs, with occupancy 
dependant partly on time of year and partly on the absence of water in the adjacent water 
source.  This is evidenced by the finding that least five of the seven artificial wildlife ponds 
were colonised in Spring and that at six of the seven sites, frogs were not detected in the 
artificial wildlife ponds until after the adjacent water source dried up (Tables 3.5, 3.6 & 3.7).  
The results indicate that migration to new sites within the study area is largely seasonal and 
triggered by habitat needs, i.e., the need for breeding sites.  Most of the frog species 
occurring in the study area breed from mid-Winter to late Spring or early Summer, when 
most rainfall occurs and when frogs are seeking out suitable breeding sites (Littlejohn 1966; 
Williamson & Bull 1996; Lemckert 2001; Barker et al. 1995; BOM website).  These findings 
are supported by similar observations in other studies.  The onset of breeding prompted the 
North American frog Rana aurora draytonii to migrate overland to breeding ponds (Bulger et 
al. 2003).  Humphries (1979) found that two of the main factors influencing occupancy of 
ponds were water levels and time of year.  Similarly, the drying out of rice bays in southern 
NSW prompted movement of Litoria raniformis into remaining waterbodies (Wassens et al. 
2007).  A study of frog occupancy of three ponds in NSW showed populations reached peak 
activity and breeding in Spring and Summer (Pyke & White 1999).  The occupancy of wildlife 
ponds in the Wimmera Mallee Channel/dam region also occurred mostly in Spring and 
Summer, with frogs first appearing in five of the seven ponds in Spring and one in Summer 
(Table 3.5). 
The timing of colonisation of the wildlife ponds could also be affected by the amount of 
aquatic vegetation in the ponds.  Planted vegetation takes time to establish (see Figure 3.8, 
a newly-planted pond, and Figure 3.9, a pond 6 months after planting).  The minimum time 
between completion of the circular ponds and occupancy was 6 months, with most 7—10 
months (Table 3.5).  It is probable that during this time the vegetation planted in the ponds 
grew to a level sufficient to provide habitat for the species recorded in the ponds.  The 
presence of emergent vegetation was an important predictor in the species presence and 
species richness of frogs using farm dams in southern NSW, with probabilities of frog 
detection increasing with increasing levels of both native canopy cover and emergent 
vegetation cover (Hazell et al. 2001).  The presence of emergent vegetation was also a 
significant determinant in the breeding success of some frogs species occupying artificial 
ponds in the USA (Monello & Gerald Wright 1999).  In this study, all ponds were constructed 
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to the same design, located in comparable Black Box woodlands (in the Wimmera Mallee 
Channel/dam region) and planted with the same range of aquatic plants species and same 
number of plants.  The only habitat variable was the presence/ absence of water. 
3.4.4 Persistence of frogs in artificial wildlife ponds 
Once frogs were detected in an artificial wildlife pond, they continued to be detected there, 
though there was some variation observed in species’ site occupancy (Tables 3.5 & 3.6).  
Some of this variation can be explained by the presence/ absence of water at the study 
sites.  The detectability of frogs could also explain some of the variation in site occupancy.  
Frogs generally call more during the breeding season, and will call more during warmer and 
wetter conditions (MacNally 1979; Barker et al. 1995; Lemckert 2001).  The probability of 
detection of frogs is also higher where sites are visited repeatedly (Heard et al. 2006).  
Although sites during this study were only visited twice per season (once during the day and 
once at night), the results show that once a species was detected in wildlife pond, it was 
usually detected in subsequent surveys. 
There was also a general trend for frogs to only occupy the artificial ponds once the adjacent 
water source had dried up.  This occurred in five of the seven artificial ponds in the Wimmera 
Mallee Channel/dam region (Table 3.6).  Interestingly, frogs only appeared in the Northern 
Mallee Pipeline region pond after rainfall (supplemented by domestic grey water) part-filled 
the adjacent water source, and remained in the wildlife pond after the adjacent water source 
dried up (Table 3.7).  Similarly, frogs were found occupying the artificial wildlife ponds only 
when water was present in the pond.  Dry ponds filled by annual rainfall or wet-season 
events (e.g. Speiler & Linsenmair 1998) or by human manipulation (e.g. Wassens et al. 
2008) are rapidly colonised by frogs.  Frogs will readily occupy newly-created ponds (e.g. 
Baker & Halliday 1999; Monello & Gerald Wright 1999), and frogs will leave drying ponds 
and move to ponds still containing water (Bulger et al. 2003).  The presence of water is 
therefore a crucial determinant factor in the occupancy of ponds by frogs, and the circular 
wildlife ponds have demonstrated their suitability as frog habitat through their occupancy by 
frogs. 
The most widely recorded species, and the only species recorded in all occupied wildlife 
ponds was Limnodynastes tasmaniensis.  This species is widespread in south-eastern 
Australia (Barker et al. 1995).  They prefer marshy or grassy sites with emergent vegetation, 
are common in riparian habitats, are able to readily occupy temporary water sources and 
shelter during the day under objects within a few metres of the water’s edge (LCC 1985; 
Robertson et al. 1989; Barker et al. 1995).  The surveys found this species in or near the 
adjacent water source in four of the eight occupied wildlife ponds, and in each case, before 
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the wildlife pond was occupied (Tables 3.6 & 3.7).  It is highly likely, therefore, that the 
species was present near the other four wildlife ponds before they were occupied. 
Little is known about the movements of L. tasmaniensis.  They do not aestivate and remain 
close to water throughout their lives (Warburg 1965; Barker et al. 1995).  The species is 
likely to have increased its range and spread into arid areas via the channel system.  The 
surveys of on-farm water points recorded L. tasmaniensis in farm dams in open paddocks, 
farm dams in woodlands and in channels (Appendix 2.2). Robertson et al. (1989) states that 
artificial wetlands, such as farm dams and sewerage works, have provided additional habitat 
for frogs, including L. tasmaniensis.  The colonisation of all seven artificial ponds in the 
Wimmera Mallee Channel/dam region, and one of the ponds in the Northern Mallee Pipeline 
region demonstrates that artificial wildlife ponds can provide suitable habitat, and are readily 
occupied by this species. 
Landscape attributes are known to affect the ability of frogs to colonise ponds (Marsh, et al. 
1999; Monello & Gerald Wright 1999), and wetland loss or degradation, and altered 
hydrological regimes are considered a major threatening process for Australian frogs (Hazell 
2003).  It is likely that the arid nature of the environment in the dryland cropping regions of 
the Wimmera and southern Mallee would form a significant barrier to frog dispersal. 
3.4.5 Species variation 
The results also showed variation in the species of frogs detected at sites.  This variation 
could be attributed to variation in the detectability of different species.  The results in Tables 
3.6 and 3.7 show that frogs were not always detected in an artificial wildlife pond once it had 
been occupied (e.g. Crinia signifera at site FP4, Limnodynastes tasmaniensis at site FP9).  
Some frogs may have sought refuge during the day by hiding in thick aquatic vegetation or 
outside the pond, rather than under the objects placed around the ponds, and therefore 
could have been missed during the surveys.  Similarly, at night, non-calling frogs active in 
the shallows of the pond may have moved into vegetation on approach by the observer, and 
were not detected by spotlight.  Frogs call seasonally and the timing and length of seasons 
vary between species (Barker et al. 1995; Lemckert 2001).  This will influence detection of a 
species, if present, because a species may be hidden and not calling, and thus difficult to 
detect.  Differences in detectability between diurnal and nocturnal searches were revealed 
by Heard et al. (2006), who calculated probability estimates for detecting adult Litoria 
raniformis at occupied sites within the Merri Creek corridor and adjacent catchments, 
Melbourne.  They estimated the probability of detection at 0.107 during diurnal searches and 
0.696 during nocturnal searches, indicating that nocturnal searches were a much more 
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reliable and efficient means of detecting the presence of detecting adult frogs (Heard et al. 
2006). 
3.4.6 Influence of fish 
The presence of fish in a waterbody can influence its occupancy by frogs.  Fish are known to 
be predators on frogs, both at the spawn and tadpole stage, and also of adult frogs (e.g. 
Heyer, et al. 1994; Baker & Halliday 1999).  At one of the site (FP3), Mosquito Fish 
Gambusia affinis were found in the adjacent farm dam and no frogs were detected in the 
dam (Table 3.6).  The artificial wildlife pond at this site was colonised by one frog species 
(Limnodynastes tasmaniensis) (Table 3.6) and Mosquito Fish were not found in the wildlife 
pond.  A study of artificial ponds in the USA found the presence of fish held the greatest 
negative impact on amphibian occurrence in ponds (Monello & Gerald Wright 1999).  In the 
Shoalhaven region, NSW, natural ponds with fish, including Mosquito Fish, present were 
found to support significantly lower frog species richness compared to natural ponds without 
fish (Hazell et al. 2004).  It is possible that the presence of Mosquito Fish in the dam at site 
FP3 excluded frogs from the dam and that the adult frogs were sheltering in or under objects 
nearby. 
3.4.7 Limitations of study 
A limitation of this study was the frequency of surveying, being only once per season.  Frog 
detectability in the ponds varies seasonally, with frogs being more active, and vocal, in 
Spring and Summer, and more cryptic or hidden in Autumn and Winter (Barker et al. 1995; 
Lemckert 2001).  Studies investigating the detectability of frogs have shown the value of 
frequent surveying in locating frog species at a site (Heyer et al. 1994; Heard et al. 2006).  
Heard et al. (2006) found that the reliance on single site visits during surveys was likely to 
result in severe under-estimation of the proportion of sites that are actually occupied.  More 
frequent surveying during this study would likely have resulted in an increase in reporting 
rates of frog species at the wildlife ponds (Heyer et al. 1994; Heard et al. 2006) 
All of the frog species recorded in the artificial wildlife ponds were non-aestivating species.  
Although one burrowing frog species (Neobatrachus sudelli) was recorded at three study 
sites during the field surveys, they were all recorded from the adjacent water source only.  
On each occasion, the adjacent water source had part-filled after being dry for a period of 
time (Tables 3.6 & 3.7).  At each of these sites, the artificial wildlife ponds were constantly 
full.  N. sudelli was not recorded at sites where the artificial wildlife ponds were allowed to 
dry out.  The lack of occupancy of the artificial wildlife ponds at sites where N. sudelli was 
present suggests a lack of suitability of the ponds as habitat.  There is some evidence to 
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suggest that burrowing frogs do not occupy permanent waterbodies and that they will only 
breed in still, temporary waterbodies (Spencer 1896; Littlejohn 1966; Barker et al. 1995; 
Pyke & White 1999).  The findings of the present study suggest that the artificial wildlife 
ponds may not provide suitable habitat for all frog species in the study area and that some 
species would not be sampled by the ponds.  This is supported by the findings of an 
overseas study which used artificial ponds to sample frog diversity (Gascon 1992).  The 
study recognised that one limitation of artificial ponds is that they do not attract all frog 
species in an area and are not very effective for monitoring frog species inhabiting streams 
or species whose reproduction does not require a water body (Gascon 1992).  This may not 
be a problem for N. sudelli because they can occupy and breed in dams and temporary 
waterbodies (Littlejohn 1966; Barker et al. 1995).  The artificial wildlife ponds should 
therefore be capable of supporting N. sudelli. 
3.4.8 Likely impacts of channel decommissioning 
The total decommissioning of the Wimmera Mallee Domestic and Stock Channel System will 
result in the loss of over 17,500 km of channels and over 20,000 dams across a large area 
of the Wimmera and southern Mallee (Caris 2005) with the consequent permanent loss of 
frog habitat.  Farm dams in the region have provided habitat for some species of frogs 
across the Wimmera and southern Mallee (Littlejohn 1966; Robertson et al. 1989; Birchip 
Landcare Group 2006).  The loss of the channel/dam system will result in a major loss of 
frog habitat, cause local extinctions, the contraction of species’ distributions and isolation of 
populations.  Burrowing frog species, which can survive dry periods, are likely to be less 
effected by the loss of the channel/dam system because they can aestivate until conditions 
become suitable.  In the Wimmera and Mallee regions, burrowing frog populations may 
‘revert’ to levels which existed prior to the provision of artificial water sources.  For frog 
species without the ability to survive dry periods, local extinctions, range contractions and 
isolation are likely to be permanent without the provision of an alternative habitat source 
such as an artificial wildlife pond.  Frogs will readily colonise artificially created habitat (e.g. 
Martin 1972; Baker & Halliday 1999; Monello & Gerald Wright 1999) and constructed ponds 
are capable of supporting the same levels of species richness as natural ponds (Hazell et al. 
2004).  The deployment of artificial wildlife ponds across the Wimmera and southern Mallee 
could go some way towards providing critically important open water habitat for frogs in a 
piped water supply system. 
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4.  BIRDS AND THE PROVISION OF AN ARTIFICIAL WATER 
SOURCE FOR WILDLIFE 
 
4.1 INTRODUCTION 
Prior to the development of artificial water sources for livestock in the arid and semi-arid 
regions of Australia, bird species that were dependent on free water could only inhabit arid 
areas around permanent and ephemeral natural waterbodies, and spread to other areas 
following periods of high rainfall (Fisher et al. 1972; Davies 1977).  The establishment of 
artificial water sources for stock provided a widespread, permanent water source across 
large areas of arid and semi-arid Australia.  Fisher et al. (1972) found that the majority of 
birds inhabiting developed pastoral land where water was present were dependent on free 
water, and its availability was a crucial factor in the distribution of those species. 
Numerous studies have examined the use by birds of artificial water sources for stock in arid 
and semi-arid environments in Australia (e.g. Fisher et al. 1972; Davies 1977; Williams & 
Wells 1986; James et al. 1999; Harrington 2002).  The provision of artificial water sources for 
stock has been beneficial for some bird species, particularly water-dependent species such 
as Emu, Crested Pigeon, Galah, Zebra Finch and waterfowl, which have increased in range 
and abundance across arid and semi-arid regions (Ford 1961; Davies 1977; Williams & 
Wells 1986; Harrington 2002).  Artificial water sources have also had deleterious effects on 
some bird species, particularly rarer, water-independent species, such as Malleefowl, White-
fronted Chat and Striated Grasswren.  This is considered to be due to vegetation changes 
caused by stock grazing, and increased competition by aggressive, water-dependent 
species, although the effects vary according to vegetation community (James et al. 1999; 
Harrington 2002).  In Mallee vegetation, Williams & Wells (1986) found higher bird 
abundance and bird diversity where water was present than where water was absent, and 
found birds less abundant in grazed areas with water compared with ungrazed areas with 
water.  Similarly, Harrington (2002) examined bird assemblages around stock water points in 
mallee woodlands and found that generally, bird abundance and species richness was 
highest near stock water points, particularly for water-dependent species. 
Little is known about the effects of artificial water points in Black Box woodlands.  A review of 
the effects of stock watering points on biota in the arid zone by James et al. (1999) made no 
specific mention of Black Box woodland habitats.  Reid & Fleming (1992) found that birds in 
grassy riparian habitats were severely effected by grazing, particularly ground-dwelling 
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species.  Herring et al. (2006a,b) surveyed different vegetation types in the NSW Riverina 
and found highest bird diversity in River Red Gum and Black Box woodlands, although their 
surveys included wetland areas and recorded many waterbird species.  They surmised that 
many of the most commonly recorded species, such as Galah, Red-rumped Parrot, 
Australian Magpie and Striated Pardalote, have benefited from European landscape change, 
including the proliferation of farm dams (Herring et al. 2006).  Mallee woodland areas were 
also surveyed but no details of bird abundance or diversity were provided (Herring et al. 
(2006a,b).  McIntyre et al. (2011) included Black Box woodlands in a review of the effects of 
flood irrigation in the NSW Riverina, but focussed largely on waterbirds. 
The faunal values of the different on-farm water points in the Wimmera Mallee Domestic and 
Stock Channel System and Northern Mallee Pipeline region were examined in Chapter 2.  
The primary function of these open water sources (farm dams) has always been to provide 
water for stock.  They were neither designed nor intended to provide water for wildlife.  The 
results of the surveys conducted at dams showed the importance of an open water source 
(i.e. free water) to wildlife on farms, in particular, where farm dams are situated in mallee 
woodlands (Chapter 2).  Birds proved to be the best indicators of the importance of open 
water to wildlife on farms.  The loss of open water on farms following the de-commissioning 
of the channel/dam system is likely to result in decreases in both the abundance and species 
richness of birds in the region (see Chapter 2). 
It is widely recognised that birds are attracted to artificial sources of water and will readily 
drink and bathe in almost any provided water source (e.g. Davies 1977; James et al. 1999; 
Higgins et al. 2006).  Where artificial water sources have been constructed to attract wildlife, 
these ‘wetlands’ are typically constructed as ponds or lakes in housing or industrial 
developments, parks and gardens.  Most are dual purpose, serving also as water treatment.  
Examples include wetlands constructed as habitat offset for the Green & Gold Bellfrog at 
Sydney Olympic Park (Darovich & O’Meara 2008), wastewater treatment wetlands in 
Queensland (Greenway & Simpson 1996), and the ACT Government’s urban wetlands 
construction (ACT Government website).  In the UK, artificial ponds have been constructed 
to assist frog conservation on farms (Baker & Halliday 1999). 
Construction of the Wimmera Mallee Domestic and Stock Channel System brought freely 
available water to a vast area of north-western Victoria.  Over a period of decades, 17,500 
km of channels were excavated, some incorporating natural waterways, others snaking 
along following contour lines through Mallee and other arid vegetation communities, 
delivering water to over 20,000 farm dams excavated across a wide variety of environments, 
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ranging from Black Box-lined creek beds and wetlands, to semi-arid Mallee, Bluebush and 
grassland plains (LCC 1974; 1985; Caris 2005; see Chapter 1). 
With the de-commissioning of the Wimmera Mallee Domestic and Stock Channel System 
and construction of the Northern Mallee Pipeline and Wimmera Mallee Pipelines introducing 
rapid and permanent changes to the availability of free water in the region, providing an 
alternative source of water for wildlife within a piped water supply region might be a 
successful strategy for off-setting at a local scale the deleterious effects that the de-
commissioning of the Wimmera Mallee Channel/dam system would have on water-
dependent wildlife on farms.  Chapter 3 examined the introduction of purpose-built wildlife 
ponds in the Northern Mallee Pipeline and Wimmera Mallee Pipeline regions and their use 
by frogs.  This chapter examines the use of artificial wildlife ponds by birds in Mallee 
woodlands and Black Box woodlands, and explores the following questions: 
• Can purpose-built artificial wildlife ponds provide habitat for birds in the regions 
serviced by the Northern Mallee Pipeline and Wimmera Mallee Channel/dam 
network? 
• How effective would such artificial wildlife ponds be in the provision of ‘replacement’ 
habitat for the on-farm watering points that existed as part of the Wimmera Mallee 
Channel/dam system? 
 
4.2 METHODS 
The artificial wildlife pond designs and locations in Mallee woodland sites and Black Box 
woodland sites are described in Chapter 3.  The concrete wildlife ponds installed in Mallee 
woodlands were established at the same time and within the same geographic study area as 
the other treatments in the first part of the study (see Chapter 2) and comprised two 
additional study treatments - an artificial wildlife pond in a Mallee woodland in the Northern 
Mallee Pipeline region, and an artificial wildlife pond in a Mallee woodland in the Wimmera 
Mallee Channel/dam region (see Chapter 3).  Both wildlife pond treatments could be 
compared with control woodland treatments in their respective regions, and with a farm dam 
in a woodland treatment (see Table 3.3 in Chapter 3 for the experimental design).  Bird 
survey methodology for the Mallee woodland sites is described in Chapter 2. 
Along with the new design, circular wildlife ponds installed in Black Box woodland sites, a 
control treatment was established and comprised a Black Box woodland with no available 
open water.  Comparing the two treatments would determine the influence on avifauna of an 
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open water source in a Black Box woodland.  The circular wildlife ponds were constructed 
between September 2007 and January 2008.  There were seven wildlife pond treatments 
(see Chapter 3) and four control treatments.  Bird survey methodology for Black Box 
woodland sites was the same as that used in Mallee woodland sites, being a two hectare 
study area with the artificial wildlife pond centred within the site (Chapter 2). 
Data collection and analysis for both the first part of the study and the second part of the 
study followed the same methodology undertaken in Chapter 2. 
 
4.3 RESULTS 
4.3.1 Artificial wildlife ponds in Mallee woodlands 
Northern Mallee Pipeline 
During the first part of the study, concrete wildlife ponds were installed in remnant Mallee 
woodlands on four farms in the Northern Mallee Pipeline region to determine the effect of 
adding an open water resource to a landscape where it had been long absent, and compare 
this with control mallee woodlands in the region (see Table 3.3 in Chapter 3). 
The surveys recorded 36 bird species in the Northern Mallee Pipeline control woodlands and 
44 bird species in the wildlife pond sites.  The results of bird surveys from the two treatments 
in the Northern Mallee Pipeline region are summarised in Appendix 3.  No waterbirds were 
recorded at sites from either treatment.  The mean number of birds (abundance) and mean 
number of species (species richness) recorded at the two treatment types are shown in 
Table 4.1 and Figure 4.1. 
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Table 4.1  Mean number of birds and mean species richness recorded per survey at the four wildlife 
pond and four control woodland sites in the Northern Mallee Pipeline region.  Standard deviation 
(S.D.), range and number of surveys are shown. 
 
Treatment Mean S.D. Range Number of surveys 
Control woodland 
Total abundance 12.94 6.81 2—28 
16 
Species richness 5.25 2.21 2—10 
Wildlife pond 
Total abundance 23.63 13.30 6—51 
16 
Species richness 8.56 3.10 4—15 
 
0
5
10
15
20
25
30
birds species birds species
control woodland wildlife trough
 
 
Figure 4.1  Mean number of birds and mean species richness recorded per survey at the four wildlife 
pond and four control woodland sites in the Northern Mallee Pipeline region.  Standard error bars of 
the means are also shown. 
 
Analysing the results for mean bird abundance, the variance of the means was found to be 
too dissimilar (F = 3.818, n=16, P>0.05).  A Log10 transformation of the data was used to 
correct for this and the results based on this transformation show a significant difference (t = 
2.744, n=16, P<0.05).  Birds were found to be significantly more abundant at sites with a 
wildlife pond compared with the control woodland sites.  Analysing the results for species 
richness, the variance of the means were similar and the results were significantly different (t 
= 3.485, n=16, P<0.05).  Bird assemblages were found  to have significantly higher species 
richness at sites with a wildlife pond compared with the control woodland sites.  These 
results show that Mallee woodland sites where open water was available through the 
installation of an artificial wildlife pond supported significantly greater bird species richness 
and significantly greater bird abundance compared with Mallee woodland sites with no 
available water. 
Despite the significant differences observed in both mean bird abundance and species 
richness, an analysis of the similarity of bird species assemblages between the wildlife pond 
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sites and the control sites shows that the species assemblages did not differ significantly 
(ANOSIM, R = 0.063, n=32, P = 0.343). 
For the wildlife pond treatment sites, a SIMPER analysis showed that six species contributed 
approximately 70% of the similarity of bird assemblages within these sites.  Those species 
contributing most to the similarity include Yellow-plumed Honeyeater (19.3%), Red-rumped 
Parrot (16.5%), White-winged Chough (14.0%), Weebill (12.0%) and Australian Magpie 
(6.72%).  Of these five species, three are considered water-dependent (Red-rumped Parrot, 
Yellow-plumed Honeyeater and Australian Magpie), one (White-winged Chough) is 
considered partially water-dependent and one (Weebill) water independent (see Appendix 
4). 
Six species also contributed approximately 70% to the similarity among assemblages within 
the control treatment sites.  Those species contributing most to the similarity include 
Australian Magpie (18.3%), Striated Pardalote (14.3%), Weebill (14.1%), Spotted Pardalote 
(8.79%) and Willie Wagtail (7.66%).  Of these five species, three (Spotted Pardalote, Weebill 
and Striated Pardalote) are considered water independent, one (Willie Wagtail) is considered 
partially water-dependent and one (Australian Magpie) water dependent (see Appendix 4). 
An examination of species which contributed to the dis-similarity between treatments shows 
that a total of 23 species accounted for 70% of the dis-similarity of bird assemblages 
between the two treatments.  The five greatest contributors were Red-rumped Parrot 
(6.70%), Yellow-plumed Honeyeater (5.95%), Yellow-throated Miner (4.70%), White-winged 
Chough (4.51%) and Crested Pigeon (4.51%).  Four of these species (Red-rumped Parrot, 
Crested Pigeon, Yellow-plumed Honeyeater and Yellow-throated Miner) are considered 
water-dependent, the fifth (White-winged Chough) partially water-dependent (see Appendix 
3). 
These results show that, despite not differing significantly in overall species assemblages, 
species with a dependency on water (such as Red-rumped Parrot, Yellow-plumed 
Honeyeater and White-winged Chough) account for the greatest similarity between sites with 
water present, and the greatest differences between sites with water and sites without. 
Wimmera Mallee Channel/dam region 
Three woodland treatments in the Wimmera Mallee Channel/dam region were examined to 
measure the effect of adding an artificial water source to a landscape serviced by an open 
water delivery and storage system.  The three treatments were an artificial wildlife pond 
installed in a Mallee woodland, an existing farm dam in a Mallee woodland and a Mallee 
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woodland with no available water (control).  Each treatment had four replicate sites and each 
site was surveyed four times.  The experimental design for the farm dam and control 
treatments are outlined in Chapter 2, Table 2.  The experimental design for the wildlife pond 
treatment is outlined in Chapter 3, Table 3.3. 
The bird surveys at the three woodland treatments recorded a total of 55 different species.  
By treatment, 32 species were recorded at sites containing an artificial wildlife pond, 36 
species in the farm dam in woodland sites, and 32 species in Mallee woodlands with no 
available water.  Sixteen species were recorded in all three treatment types.  Thirteen 
species were only recorded at farm dam in woodland sites, including seven species of 
waterbird (Appendix 3).  The results also recorded five species which were only found at 
control woodland sites.  The five species were Purple-crowned Lorikeet, Whistling Kite, 
Weebill, Chestnut-rumped Thornbill and Yellow Thornbill.  All of these species are 
considered water-independent (Appendix 3). 
Red-rumped Parrot was the most abundant species recorded in the wildlife pond sites, with 
an average of 6.5 birds recorded per survey, followed by Australian Magpie (2.75), Galah 
(2.69) and White-plumed Honeyeater (2.38) (Appendix 3).  Figure 4.2 shows a small flock of 
Red-rumped Parrots drinking from one of the wildlife ponds. 
 
 
Figure 4.2  Red-rumped Parrots perching on a stick and drinking from a concrete wildlife pond in the 
southern Mallee. 
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One waterbird species was recorded at a control woodland site: two Australian Shelduck 
were seen flying over the site during a survey.  Analysis of results was conducted on all bird 
species recorded in the three study treatments. 
The results for mean bird abundance and mean species richness for the three woodland 
treatments are shown in Table 4.2 and Figure 4.3. 
Table 4.2  Mean number of birds and mean species richness recorded per survey at woodland farm 
dam, wildlife pond and the control woodland sites in the Wimmera Mallee Channel/dam region.  
Standard deviation (S.D., range and number of surveys are shown. 
Treatment Mean S.D. Range Number of surveys 
Control woodland 
Total abundance 19.0 13.34 3.44 
16 
Species richness 5.44 2.66 2.11 
Farm dam in 
woodland 
Total abundance 27.56 17.75 8.63 
16 
Species richness 8.69 3.26 4.15 
Wildlife pond 
Total abundance 28.06 9.49 9.43 
16 
Species richness 7.81 2.29 4.12 
 
 
 
Figure 4.3  Mean number of birds and mean species richness recorded per survey at woodland farm 
dam, wildlife pond and control woodland sites in the Wimmera Mallee Channel/dam region. Standard 
error bars of the means are also shown. 
 
The results in Table 4.2 and Figure 4.3 show that the control woodland sites have lower 
overall bird abundance and species richness compared with the farm dam and wildlife pond 
sites.  Analysing the raw data for bird abundance, the homogeneity of variance was found to 
be too high (Fmax = 3.497, n=48, P>0.05).  A square root transformation of the data stabilised 
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the variance (Fmax = 2.872, n=48, P<0.05) and analysis of the results showed the differences 
between means not significant (ANOVA F2,45 = 2.861, n=48, P=0.067). 
Analysing the results for total species, the variance was homogeneous and the results 
showed a significant difference between means (ANOVA F2,45 = 5.923, n=48, P=0.005). 
To determine where the significance between samples lay, a three-way comparison of 
means was undertaken.  The results are shown in Table 4.3.  For comparison between 
dams in woodland and wildlife pond means using raw data, the variance was too high, (F = 
3.497, n=32, P>0.05).  Using Log10 transformation of the data stabilised the variance (F = 
2.406, n=32, P<0.05). 
The results of the three-way comparison show that there were significant differences in 
overall bird abundance and species richness between the wildlife pond and control woodland 
treatments.  No significant differences were found between wildlife pond sites and farm dam 
in woodland sites.  The comparison between farm dam in a woodland sites and control 
woodland sites found a significant difference in species richness, but not in overall bird 
abundance (Table 4.3). 
Table 4.3  Results of three-way comparisons of means for total birds and total species for the three 
different treatments.  Statistical t-values are shown.  Significant differences are highlighted in grey. 
 
Dam in 
Woodland 
Wildlife 
Pond 
Control 
Woodland 
Dam in 
Woodland 
Birds    
Species    
Wildlife 
Pond 
Birds 0.744   
Species 0.879   
Control 
Woodland 
Birds 1.542 2.214  
Species 3.090 2.709  
 
An analysis of similarity showed that the composition of bird assemblages differed 
significantly between woodland treatments with water (farm dams and wildlife ponds) and 
the control treatment (no water) (ANOSIM, R = 0.478, n=48, P = 0.012). 
For sites within the two woodland with water treatments, a SIMPER analysis showed that 
seven species contributed approximately 70% of the similarity of their bird assemblages. 
Those species contributing most include Red-rumped Parrot (21.5%), Australian Magpie 
(10.4%), Crested Pigeon (9.39%), Noisy Miner (8.28%) and Striated Pardalote (6.99%). 
For sites within the control treatment, a SIMPER analysis showed that five species 
contributed approximately 70% of the similarity of their bird assemblages: including Red-
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rumped Parrot (24.6%), Weebill (18.0%), Noisy Miner (13.2%), Australian Magpie (9.51%) 
and Striated Pardalote (7.39%). 
Between the treatment types, a SIMPER analysis showed that 20 species accounted for 
70% of the dis-similarity between bird assemblages at woodland sites with water and those 
without. The greatest contributors were Weebill (6.89%), White-winged Chough (5.62%), 
Red-rumped Parrot (4.99%), Brown Treecreeper (4.53%) and Galah (4.18%). 
Of the species which made significant contributions in the SIMPER analysis, Red-rumped 
Parrot, Crested Pigeon and Galah are all water-dependent species and were all more 
abundant at the woodland with water sites.  White-winged Chough and Australian Magpie, 
both partially water-dependent, also showed the higher abundance at sites with water.  
Noisy Miner showed similar abundances between the wildlife pond sites and the control 
woodland sites, but higher abundance at the farm dam sites (see Appendix 3).  Of the water-
independent species, Striated Pardalotes showed similar abundances between the artificial 
wildlife pond sites and the control woodland sites, but higher abundance at the farm dam 
sites.  Brown Treecreeper showed similar abundances between the farm dam sites and 
control woodland sites, yet were twice as abundant in the wildlife pond sites (Appendix 3). 
4.3.2 Artificial Wildlife Ponds In Black Box Woodlands 
The results of the surveys from Black Box woodland sites recorded a total of 43 bird species 
from Black Box wildlife pond sites and 35 species from the Black Box control woodland sites.  
Red-rumped Parrots were found at all 11 sites and were the most abundant species 
recorded.  Australian Magpie was also recorded at all 11 sites, but in lower abundance.  In 
the wildlife pond sites, Red-rumped Parrot was the most abundant species recorded, with an 
average of 4.07 birds per survey, followed by White-winged Chough (2.93) and White-
plumed Honeyeater (2.57).  For the Black Box control woodland sites, the most abundant 
species recorded was also Red-rumped Parrot, with an average of 2.71 birds per survey, 
followed by Crested Pigeon (1.93) and Brown Treecreeper (1.79).  The results of the Black 
Box woodland surveys are shown in Appendix 3. 
A comparison of the overall mean species abundance and mean species richness recorded 
from sites in the two treatment types is shown in Table 4.4 and Figure 4.4. 
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Table 4.4  Mean species abundance and mean species richness for Black Box wildlife pond sites 
and Black Box control woodland sites.  Standard deviation (S.D.), range and number of surveys are 
shown. 
Treatment type Mean SD Range Number of surveys 
Wildlife ponds 
abundance 26.46 15.09 8.63 28 
richness 8.25 2.952 4.15 28 
Control woodlands 
abundance 19.75 8.434 5.35 16 
richness 8.38 2.579 4.13 16 
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Figure 4.4  Mean species abundance and mean species richness for Black Box wildlife pond sites 
and Black Box control woodland sites.  Standard error bars are also shown. 
 
A standard t-test could not be performed on bird abundance raw data because the variances 
of the two means were not similar (F = 3.201, n=44, P>0.05).  A square root transformation 
of the data evened out the variance (F = 1.708).  A t-test on the transformed data shows no 
significant difference (t = 1.618, n=44, P>0.05). 
For mean species richness, the variances of the two samples were similar (F = 1.310, n=44, 
P<0.05) and the means were not significantly different (t = 0.147, n=44, P>0.05). 
An MDS plot of the 11 sites shows no distinct clustering, based on species assembledges, 
although three of the seven FP sites and three of the four control sites appear to be loosely 
grouped, with the other sites all widely scattered (Figure 4.5). 
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Figure 4.5  MDS plot of Black Box woodland artificial wildlife pond and control sites.  Sites labelled 
FP are wildlife pond sites, sites labelled C are control sites. 
 
Comparing the species assemblages for Black Box wildlife pond sites with Black Box control 
sites, the differences are not significantly different (ANOSIM, R = 0.008, n=44, P = 0.406). 
A SIMPER analysis shows that, for the wildlife pond sites, five species contributed 
approximately 70% of the similarity of bird assemblages within these sites.  The five species 
were Red-rumped Parrot (30.6%), White-plumed Honeyeater (14.2%), Galah (11.04%), 
Brown Treecreeper (7.94%) and White-winged Chough (7.10%).  The top three species are 
considered water-dependent, White-winged Chough is considered partially water-dependent, 
and Brown Treecreeper is considered water-independent (see Appendix 4). 
For sites in the Black Box control woodland treatment, six species contributed approximately 
70% of the similarity of bird assemblages within these sites. The six species were Galah 
(15.9%), Red-rumped Parrot (14.6%), Brown Treecreeper (11.9%), Crested Pigeon (11.6%), 
Australian Magpie (9.19%) and White-plumed Honeyeater (7.07%).  Five of these species 
are considered water-dependent, and one (Brown Treecreeper) aconsidered water-
independent (see Appendix 4). 
An examination of species which contributed to the dis-similarity between the two treatments 
shows that a total of 14 species account for approximately 70% of the dis-similarity of bird 
assemblages between the treatments.  The five greatest contributors were White-winged 
Chough (9.60%), Red-rumped Parrot (8.30%), White-plumed Honeyeater (7.26%), Galah 
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(6.40%) and Brown Treecreeper (6.01%).  Three of these species (Red-rumped Parrot , 
White-plumed Honeyeater and Galah) are considered water-dependent, White-winged 
Chough is considered partially water-dependent, and Brown Treecreeper is considered 
water-independent (see Appendix 4). 
White-winged Choughs were, on average, nearly ten times more abundant at the artificial 
wildlife pond sites (Appendix 3).  Similarly, Red-rumped Parrot and White-plumed 
Honeyeater  were approximately twice as  abundant at the artificial wildlife pond sites.  
Brown Treecreeper (a water-independent species) had almost the same average abundance 
between the two treatments (Appendix 3). 
Seasonal differences 
The overall bird results for sites in Black Box woodlands did not show any significant 
differences between artificial wildlife pond sites and control sites.  It is possible that the 
presence of water in a Black Box woodland may only be important to wildlife during hotter 
months, when the demand for water by birds would be greater.  To test whether the 
presence of water in a Black Box woodland could have a seasonal effect, data from each 
season were examined.  The results are shown in Table 4.5 and Figure 4.6. 
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Table 4.5  Mean bird abundance and mean species richness per season for Black Box wildlife pond 
and Black Box control treatments.  Standard Deviation (SD) is also shown. 
Season 
Wildlife Ponds (n=7) Control woodland (n=4) 
Mean SD Mean SD 
Spring 
Bird abundance 22.29 14.81 27.00 6.481 
Species richness 8.43 3.309 9.25 2.872 
Summer 
Bird abundance 43.00 15.12 21.75 10.59 
Species richness 9.43 3.867 9.50 3.317 
Autumn 
Bird abundance 22.14 10.92 17.25 2.872 
Species richness 7.71 2.215 7.75 1.258 
Winter 
Bird abundance 18.43 4.577 13.00 6.976 
Species richness 7.29 2.059 7.00 2.582 
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Figure 4.6  Mean bird abundance and mean species richness per season for Black Box wildlife 
ponds (n=7 surveys) and Black Box control woodlands (n=4 surveys).  Standard error bars are 
shown. 
 
A t-test was performed on the mean seasonal data to measure any significant differences 
between Black Box wildlife pond and Black Box control woodland treatments.  The analysis 
showed a significant difference in mean summer bird abundance (t = 2.461, n=11, P<0.05).  
However, mean summer species richness was not significant (t = 0.030, n=11, P>0.05). 
The summer species assemblages between sites in the Black Box wildlife pond and Black 
Box control woodland treatments could be compared.  A total of 30 species of birds was 
recorded during summer at the two Black Box treatments.  Of these, 24 species were 
recorded from the Black Box wildlife pond sites and 20 species from the Black Box control 
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woodland sites.  Analysis of species assemblages in summer showed that the differences 
were not significant (ANOSIM R=0.029, n=11, P=0.53). 
A SIMPER analysis of the summer results showed that, for the Black Box wildlife pond sites, 
five species contributed approximately 70% of the similarity of bird assemblages within these 
sites.  The five species were Red-rumped Parrot (24.8%), White-plumed Honeyeater 
(16.0%), Brown Treecreeper (15.2%), Galah (10.3%) and Crested Pigeon (9.79%). 
For the Black Box control woodland sites in summer, only four species contributed 
approximately 70% of the similarity of bird assemblages within these sites.  The four species 
were Red-rumped Parrot (25.5%), Crested Pigeon (18.0%), Galah (14.3%) and Brown 
Treecreeper 12.5%). 
An examination of species which contributed to the dis-similarity between the two treatments 
in summer shows that 13 species accounted for approximately 70% of the dis-similarity of 
bird assemblages between the treatments.  The five greatest contributors were Red-rumped 
Parrot (7.91%), White-winged Chough (7.73%), Galah (7.37%), House Sparrow (6.16%) and 
Eastern Rosella (5.86%). 
White-winged Choughs were not recorded from the Black Box control woodland sites in 
summer.  Red-rumped Parrot, House Sparrow and Eastern Rosella all had over twice the 
average abundance in the Black Box artificial wildlife pond sites compared with Black Box 
control woodland sites.  Galah had roughly equal mean abundance between sites within the 
two treatments. 
 
4.4 DISCUSSION 
4.4.1 Value of artificial wildlife ponds to birds 
The results demonstrate that within the Wimmera Mallee Channel/dam region, an artificial 
wildlife pond in a Mallee woodland supports a significantly greater bird abundance and 
species diversity compared with a Mallee woodland with no available water (see Table 4.3 
and Figure 4.3).  The results also demonstrate that bird populations at an artificial wildlife 
pond in a Mallee woodland are not significantly different from those at farm dams in Mallee 
woodlands (see Table 4.3 and Figure 4.3).  These findings, and the findings for comparing 
the farm dam in a Mallee woodland and control Mallee woodland treatments (see Chapter 2) 
are consistent with other studies in arid and semi-arid Australia which show that the 
establishment of artificial sources of water had led to an increase in the distribution and 
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abundance of many bird species (Fisher et al. 1972; William & Wells 1986; Reid & Fleming 
1992; Harrington 2002).  The findings of this study demonstrate that the installation of an 
artificial wildlife pond in a Mallee woodland will result in an increase the abundance and 
species richness of bird populations in a Mallee woodland, and that this increase is 
comparable to the existing bird population abundance and species richness found at 
(functioning) farm dams in Mallee woodlands. 
4.4.2 Influence of open water in a woodland 
The analysis of similarity showed a significant difference in bird assemblages in the 
Wimmera Mallee Channel/dam region.  Most of the differences in bird assemblages between 
sites without available water (control Mallee woodland), and those with water (farm dam and 
artificial wildlife pond in Mallee woodland) can be attributed to greater abundance and 
greater species richness of water-dependent species at the sites with water.  This is 
particularly evident in species such as Red-rumped Parrot, Galah, Crested Pigeon and 
Australian Magpie (see Appendix 3).  Other studies have also found that these four species 
have shown increased abundance and/or range attributed to the provision of artificial water 
(Reid & Fleming 1992; James et al. 1999; Harrington 2002). 
Noisy Miner, a sedentary, highly territorial species (Higgins et al. 2001), showed similar 
abundances between the wildlife pond sites and the control Mallee woodland sites, but 
higher abundance at the farm dam sites (see Results; Appendix 3).  This species was not 
recorded in previous studies of artificial water points, but the closely-related Yellow-throated 
Miner has shown increased abundance and/or range attributed to the provision of artificial 
water (Reid & Fleming 1992).  It is possible that the short amount of time that the artificial 
wildlife ponds had been present, Noisy Miners had not yet been able to fully exploit the 
newly present open water resource.  Farm dams have been present in the landscape for a 
much longer period of time and Noisy Miners have exploited this resource and were found to 
be more abundant at farm dams in Mallee woodlands compared with Mallee woodlands with 
no open water (Appendix 3). 
Water-independent species made smaller contributions to the observed differences between 
sites with open water and the control Mallee woodlands without open water.  The major 
contributing species, such as Striated Pardalote, Weebill and Brown Treecreeper, showed 
no clear trend in presence or abundance levels between treatment types, suggesting that in 
the remnant Mallee woodlands within the study area, water-independent species are not 
adversely effected by the presence of an open water source.  Striated Pardalote was 
considered to have shown increased abundance and/or range attributed to the provision of 
artificial water (Reid & Fleming 1992), though Harrington (2002) found no correlation 
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between abundance and distance from water.  Harrington (2002) also found no significant 
correlation for Weebill or Brown Treecreeper. 
The results from the Northern Mallee Pipeline region showed a very similar trend to the 
results from the Wimmera Mallee Channel/dam region.  Birds were found to be significantly 
more abundant and have significantly higher species richness at sites with an artificial 
wildlife pond compared with the control woodland sites.  Although ANOSIM analysis did not 
show a significant difference between the two treatments, the analysis did show that the 
observed similarities between artificial wildlife pond sites were driven largely by water-
dependent species, and the similarities between species in the control woodland sites was 
driven largely by water-independent species.  The analysis also showed that all of the 
species making major contributions to the differences between sites with water and sites 
without were water-dependent species.  These results support the findings from sites in the 
Wimmera Mallee Channel/dam region, that the addition of an open water resource to a 
Mallee woodland increases the abundance and richness of bird assemblages, and that the 
increase is due largely to increases in water-dependent species. 
4.4.3 Birds in Mallee woodlands 
For all sites in Mallee woodlands, the results of the present study show that installing an 
artificial wildlife pond increased the abundance and diversity of birds in a Mallee woodland, 
due mainly to increases in water-dependent species but not at the expense of water-
independent species.  These findings are supported by other studies in Mallee woodlands.  
Williams and Wells (1986), found that bird abundance and species richness was higher in 
Mallee woodlands with open water present.  Their observations were that some water-
dependent species have increased their range since the advent of agriculture and the 
introduction of on-farm water points, and that these water sources may be critically important 
to this group of species (Williams & Wells 1986).  Harrington (2002) also demonstrated that 
water-dependent species benefit from the provision of artificial water sources. 
An important finding of the present study is that artificial wildlife ponds installed in a Mallee 
woodland can act as adequate replacement habitat for farm dams in Mallee woodland birds.  
The artificial wildlife ponds provided an immediately available water source in an arid 
woodland previously devoid of water.  Short-term changes in the availability of water in an 
arid environment are known to promote large changes in the abundance and diversity of bird 
species.  For example, in the Gibson Desert Nature Reserve, WA, significant increases in 
both bird species richness and bird abundance were observed following a heavy rainfall 
event and localised flooding which broke a period of drought (Burbidge & Fuller 2007).  In 
the absence of farm dams, the artificial wildlife ponds could become critically important 
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habitat features, acting as refuges for water-dependent and partially water-dependent 
species in Mallee woodlands.  This finding is supported by Williams and Wells (1986) who 
conclude that by manipulating the geographic distribution of species through the provision of 
open water, it may be feasible to manage a woodland area to function as a refuge. 
4.4.4 Birds in Black Box woodlands 
The results from sites in Black Box woodlands contrasts with the results from sites in Mallee 
woodlands.  In the Black Box woodland sites, mean bird abundance was higher in artificial 
wildlife pond sites compared with control woodland sites (Table 4.4 and Figure 4.4), but the 
difference was not found to be significant, except in Summer (Figure 4.6).  Species richness 
was similar between the two treatments.  An MDS plot (Figure 4.5) showed no distinct 
clustering and an analysis of similarity also showed no significant differences.  The analysis 
of similarity showed that water-dependent species accounted for much of the similarity within 
the Black Box control treatment and within the Black Box wildlife pond treatment.  Galah, 
Red-rumped Parrot, Crested Pigeon, White-plumed Honeyeater, Noisy Miner, Australian 
Magpie and Brown Treecreeper all made major contributions to the similarities of the two 
Black Box woodland treatments.  Analysis also showed that water-dependent species 
accounted for much of the dis-similarity between the two Black Box treatments and that the 
difference was the greater abundance of these species at the wildlife pond sites (Appendix 
3). 
This finding was unexpected, given the significant differences between sites with and without 
open water in Mallee woodlands.  The reasons for the different responses by birds in Black 
Box woodlands is not clear.  Black Box woodland sites had similar levels of bird abundance 
compared with Mallee woodland sites.  Species richness was slightly higher in Black Box 
woodland sites, particularly the control woodland sites (Figures 4.3 and 4.4).  Few 
comparisons between Black Box woodlands and Mallee woodlands have been made.  
Herring et al. (2006a,b) surveyed different vegetation types in the NSW Riverina and found 
highest bird diversity in River Red Gum and Black Box woodlands, although their surveys 
included wetland areas and recorded many waterbird species.  Mallee woodland areas were 
also surveyed, but no details of bird abundance or diversity were provided (Herring et al. 
(2006a,b). 
Black Box woodlands are a wetland-associated vegetation type (LCC 1974, 1985) and 
therefore likely to support a suite of both water-dependent and water-independent species.  
One explanation for the lack of significant differences between the Black Box woodland 
control sites and the Black Box woodland wildlife pond sites is that adding an open water 
source to a wetland associated vegetation community is not introducing a new resource, 
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unlike into a semi-arid Mallee woodland, and therefore less likely to promote major change in 
bird assemblages.  The results for Black Box woodland sites did show a significant 
difference in bird assemblages in summer and this was driven largely by greater numbers of 
water-dependent species at the wildlife pond sites. Examining the drinking behaviour of the 
five species which contributed most to the differences in summer (see Results section 4.3.2), 
Red-rumped Parrot is considered to need water for drinking all year round (Higgins 1999), 
White-winged Chough is considered to need water for drinking in summer (Harrington 2002), 
Galah is considered to need water for drinking all year round (Fisher et al. 1972), House 
Sparrow is considered to need water for drinking in summer (Higgins et al. 2006) and 
Eastern Rosella is considered to need water for drinking all year round (extrapolated from 
the closely related Australian Ringneck; see Fisher et al. 1972).  Birds inhabiting arid 
environments can have increased drinking requirements during hotter months (Fisher et al. 
1972; Harrington 2002).  The increased need to drink in hotter months is likely to explain the 
significantly greater number of water-dependent birds observed at Black Box wildlife pond 
sites in summer. 
The results of this study have shown that artificial wildlife ponds can provide habitat for birds, 
both in the Northern Mallee Pipeline region and the Wimmera Mallee Channel/dam region.  
The results also showed that wildlife ponds in Mallee woodlands can support species 
assembledges at levels comparable to a farm dam in a Mallee woodland, demonstrating that 
wildlife ponds can be effective in providing a degree of ‘replacement’ habitat for birds on 
farms.  The wildlife ponds in Black Box woodlands were also successful in providing habitat 
for birds and functioned as an important source of water for water-dependant birds in 
summer. 
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5.  EVALUATING THE EFFECTIVENESS OF ARTIFICIAL WILDLIFE 
PONDS AND THEIR IMPLICATIONS FOR FAUNA AND RURAL 
COMMUNITIES 
 
This study of fauna around on-farm water points in agricultural areas serviced by the 
Northern Mallee Pipeline and remaining sections of the Wimmera Mallee Domestic and 
Stock Channel System, has identified a number of factors which affect species populations 
in those environments.  By examining the role that an open water source plays in shaping 
the distribution and abundance of species on farms in the two regions and the influence of 
vegetation, it is possible to gain an insight into the impact that the de-commissioning of the 
remaining channel system will have on fauna.  Through the introduction of purpose-built 
artificial ponds for wildlife it was possible to demonstrate their potential to provide a degree 
of replacement open water habitat suitable for sustaining water-dependant fauna in a piped 
delivery system. 
 
5.1 COMMUNITY IMPLICATIONS OF CHANNEL DE-COMMISSIONING AND 
ARTIFICIAL WILDLIFE PONDS AS DRIVERS OF SOCIAL CHANGE 
Farm dams have been an important part of the social landscape in the Wimmera and Mallee 
regions for over 100 years.  Generations of landholders in rural communities have grown up 
with the channel system, their lives governed by the annual cycles of winter channel flows, 
dam filling, the drying summer heat, autumn and the anticipation of next season’s arrival of 
life-giving water.  Any changes to this tempo of farming life, however punctuated over the 
years by the vagaries of drought and flood, is bound to be met with differing levels of 
resistance.  Changing climate, the unreliability of the channel system and changing 
economics were the main factors which eventually led to the decommissioning of the system 
and the construction of pipeline infrastructure. 
The community implications surrounding the de-commissioning of the Wimmera Mallee 
Domestic and Stock Channel System have been examined in both scientific studies and 
popular publications (van Veldhuisen 2001; McKinnon et al. 2005; WIDCORP 2006a,b).  
Little was written about social and environmental impacts before the Northern Mallee 
Pipeline was constructed during the 1990s (see Chapter 1).  Before construction of the 
Wimmera Mallee Pipeline began, publications such as Pipe Dreams (van Veldhuisen 2001) 
and Dam Fine Yarns (McKinnon et al. 2005) expressed some of the social values attached 
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to the channel/dam system.  With the new supply system introducing fundamental changes 
to the way water is delivered and managed on farms, and heralding a new way of life for 
landholders, Grampians Wimmera Mallee Water (or GWMWater) prepared an on-farm 
reticulation guide for landholders who would be connected to the Wimmera Mallee Pipeline.  
The publication aimed to provide advice and guidance to landholders establishing piped 
systems on their properties, and included suggestions for enhancing the aesthetic and 
natural environment on farms (Caris 2005). 
While the primary function of a farm dam is as a storage point for water, farm dams, and the 
channels that delivered water to them, became an important part of rural lifestyles.  In the 
book Dam Fine Yarns (McKinnon et al. 2005) describes people’s recollections of life with a 
channel/ dam system.  Dams and channels provided opportunities for social and recreational 
pursuits such as rafting, boating, yabbying, fishing and learning to swim. 
Comments on the wildlife present in and around the channel/ dam system include people 
watching the water flow down channels, flushing out wildlife and feral animals, including  
snakes  flushed from cracks in channels as channel water flowed along.  Dams were seen to 
support fish, yabbies, leeches, tortoises and a wide variety of birds including, herons, 
cormorants, ducks and native-hens (McKinnon et al. 2005). 
With construction the Wimmera Mallee Pipeline, community concern over the de-
commissioning of the channel/dam system not only focussed on the changes and perceived 
losses to farm infrastructure and practices, but also considered social losses and 
environmental losses, often considering these two facets as essentially one and the same 
(WIDCORP 2006b).  Comments in popular publications reflected this, with one landholder 
saying that they “did not want to sacrifice the lifestyle, animal and birdlife, and all that is 
offered by the family house dam, looked upon as an oasis in the very flat dry land” (page 27 
in: McKinnon et al. 2005).  Some landholders thought that water saved by the pipeline 
should go back into the waterholes and billabongs, with one person commenting that “our 
native flora and fauna need a drink too!” (page 24 in: McKinnon et al. 2005).  An observation 
of the impact on wildlife after completion of the pipeline comes from one landholder who 
commented that: “…distressed ducks and waterbirds looking for (their) water; the poor 
things, they dive down and fly up looking for a drink. …no open water for miles, don’t know 
what the migratory birds will do” (page 24 in: McKinnon et al. 2005). 
While the popular publications contain many anecdotes from community members in the 
region, social science studies conducted on the community values and concerns 
surrounding the channel/ dam system and development of piped delivery systems described 
a quite different picture than one portrayed in popular publications.  In 2005, WIDCORP 
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(Water In Drylands Collaborative Research Program) conducted a survey of 630 residents in 
the Hindmarsh Shire (note that some residents lived in Nhill, a town with no natural 
watercourses, not part of the channel system and not included in the area to be connected to 
the Wimmera Mallee Pipeline) to examine their expectations, perceived impacts and 
potential aspirations relating to the development of the Wimmera Mallee Pipeline.  The 
survey found that drought and economic concerns were more significant than social 
concerns, and that there was strong agreement that the shire should be more visually 
appealing and exhibit greater biodiversity.  Future environmental aspirations of residents 
focussed on achieving better environmental outcomes from the increased flow of water down 
natural watercourses, such as improved biodiversity and greater visual appeal (WIDCORP 
2006b). 
When asked to nominate a major regional benefit of the pipeline, 55% of respondents 
identified the environment.  When asked to nominate the extent to which the proposed 
benefits of the pipeline were important to them, the two highest responses were for 
improvements to the region’s river and lake system, and increased water flows into the 
Wimmera River.  Perceived disadvantages of the pipeline centred on economic, rather than 
social and environmental, particularly the increased cost of water and the cost of 
infrastructure required to connect to the pipeline and reticulate water on farm (WIDCORP 
2006b). 
In 2006, WIDCORP undertook a study into the perceptions of the northern Mallee 
communities regarding the social, economic and environmental impacts of the Northern 
Mallee Pipeline.  The study received 54 responses to a questionnaire exploring perceptions 
before, during and after construction.  Many respondents believed there had been changes 
in wildlife since the pipeline was completed, with some believing there had been a positive 
change, others a negative change.  Examples of perceived positive change include some 
who felt the region had returned to a more natural state – channels and dams were fun but 
artificial, and brought in wildlife and weeds that weren’t originally there; others commented 
that there were more birds around than ever.  Examples of perceived negative change was a 
feeling that wildlife had been ignored, with no provision for their survival, and that an 
expected demise is visually evident.  The loss of farm dams in some areas was considered 
to have had a detrimental effect on wildlife, and that wildlife was suffering from a lack of 
water during hot weather (WIDCORP 2006b). 
The loss of farm dams and the perceived negative impacts this could have on wildlife on 
farms prompted the Birchip Landcare Group to commission a report on the environmental 
attributes of the existing channel/dam system, in particular, the importance of farm dams to 
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biodiversity.  They speculated that the network of dams and artificial wetlands (that some 
larger dams had become) is one of the main environmental resources of the region.  The 
report concluded with an inference that the reduction in the availability of open water (as 
provided by farm dams) would contribute to a regional decline in biodiversity (Birchip 
Landcare 2006; see Chapter 1). 
Grampians Wimmera Mallee Water recognised that the loss of farm dams following 
construction of the Wimmera Mallee Pipeline could have environmental consequences.  A 
small trial was conducted in 2003 which involved constructing an environmental pond at a 
local golf course connected to a piped water supply.  The objective of the trial was to create 
an environment that could attract wildlife, be aesthetically pleasing and water efficient.  The 
pond was a shallow excavation, lined with plastic and with small rocks and sticks positioned 
as perches.  Aquatic plants were put in pots in the pond.  No details of the size of the pond 
are given but the annual water consumption was measured as 66,000 litres (Caris 2005). 
Community-led concern for the environmental consequences of the development of the 
Wimmera Mallee Pipeline prompted Birchip Cropping Group (BCG) to undertake an 
assessment of the environmental values of on-farm watering points and develop the concept 
of artificial ponds for wildlife (see Chapter 2).  The project was given the name DIPS, an 
acronym for Diversity In a Piped System.  Industry partners with the project were CSIRO, 
GWMWater, and the North-Central, Wimmera and Mallee Catchment Management 
Authorities.  The project received widespread community interest and support, including 
many print media articles and electronic media interviews (e.g. Anon. 2007; Buloke Times 
2007; Clayton 2007).  The Birchip Cropping Group featured in the Australian Broadcasting 
Corporation’s Landline program, as a series of interviews broadcast on 5 November 2006.  
One of the interviews discussed the research findings of the Diversity In a Piped System 
project and the community interest in the artificial wildlife ponds concept (ABC 2006).  A 
farmer’s guide on how to install a wildlife pond was produced, which explained both the 
concept of a wildlife pond and how to install one.  The guide was available in a paper format 
as well as online (BCG Website1). 
The success of the BCG artificial wildlife ponds concept in meeting both environmental 
needs and social needs has been recognised by industry both within the Wimmera and 
Mallee regions, as well as nationally.  The environmental and social implications of the 
wildlife ponds research was recognised in 2007 when Birchip Cropping Group won the 
prestigious Banksia Environmental Award in the Land & Biodiversity category for its Diversity 
In a Piped System project (Banksia Foundation website; Buloke Times 2007). 
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Recognition of the biodiversity and social need for a solution to the environmental impact of 
the Wimmera Mallee Pipeline, and the need for a more ‘user-friendly’ wildlife pond led to 
industry and community support for further research into the application of the artificial 
wildlife pond concept (see Chapter 3).  This second study, titled ‘Frogs On Farms’ was 
undertaken in collaboration between BCG and WIDCORP, through the University of Ballarat 
(now Federation University). 
The new pond design became recognised as a successful, environmentally effective, low 
cost solution to providing habitat for water-dependent wildlife at a local scale.  The 
effectiveness of the new pond design was central to a successful application for funding 
through the Landcare Australia Woolworths Sustainable Farming Grant, which covered the 
costs of installing wildlife ponds on ten properties in the Wimmera and Mallee regions (BCG 
website2). 
Further industry recognition for the wildlife ponds concept was provided by GWMWater.  The 
statutory water authority in the region, GWMWater recognised the environmental and social 
benefits of artificial wildlife ponds and established a Wildlife Ponds Rebate Scheme in 2008 
(GWMWater website1).  The scheme was designed to provide an annual rebate to 
landholders for 17,000 litres of water, the amount estimated during the DIPS study as the 
volume of water used to maintain a wildlife pond over one year.  GWMWater stipulated that 
the wildlife ponds had to be constructed using the design developed by the BCG study.  A 
fact sheet on how to construct a wildlife pond is available through the BCG and GWMWater 
websites (BCG website1; GWMWater website2). 
In 2009, GWMWater offered additional support for landholders wishing to install a wildlife 
pond by providing free lining plastic for the ponds.  This was done in collaboration with, and 
distributed by BCG.  On-going support by GWMWater for their ponds rebate scheme can be 
seen through update articles in their newsletter for ratepayers (GWMWater 2014).  In this 
newsletter, the enthusiasm of landholders for their wildlife ponds is demonstrated through 
the wildlife sightings and photographs published in the GWMWater newsletter and on their 
website (GWMWater 2014). 
In 2010, BCG received industry support from the University of Ballarat’s Centre for Electronic 
Commerce and Communications (CeCC), GWMWater, Wimmera Catchment Management 
Authority and WIDCORP to develop and share knowledge using Web 2.0 technology.  The 
aim of the Web 2.0 project was to create a community resource for the region by capturing 
as much information as possible on the habitats and wildlife ponds, up-skilling people within 
the region to better utilise on-line technology and share knowledge.  A series of free 
community workshops were held in different regional centres (Buloke Times 2010).  
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Outcomes from the series of the community workshops, as well as more widespread 
promotion of the interactive website, include landholders posting blogs of their wildlife ponds, 
photos, sightings and discussions about frogs in the region (BCG website3). 
The artificial wildlife ponds concept developed by this research is reaching an ever 
increasing number of communities concerned about the loss of wildlife on farms in through 
changing infrastructure and changing climate.  In the Wah Wah district, north of Hay, NSW, 
a small channel system supporting around 50 properties and filling over 600 dams is being 
replaced by a piped system, resulting in an estimated saving of 9000 megalitres of water 
(Herring 2013).  Concern for the potential impacts on water-dependent wildlife that the loss 
of the channels and dams would have, has led to a number of local community groups, plus 
the Murrumbidgee Catchment Management Authority and Murrumbidgee Irrigation, to form 
the Wah Wah Water for Wildlife project.  This project is trialling options to mitigate the loss of 
habitat for water-dependent wildlife on farms (Herring 2013).  As part of this project, a 
booklet has been developed which provides landholders with a guide to improving wetland 
habitats on their farm.  The main focus of the Wah Wah Water for Wildlife project is on 
converting dams through earthworks to shallow margin wetlands, with water supplied 
through the pipeline as environmental water.  Part of the project is also trialling small wildlife 
ponds, inspired by the artificial wildlife ponds concept developed by BCG (Herring 2013).  
Through the Wah Wah Water for Wildlife project, the artificial wildlife ponds concept has 
reached beyond the Wimmera Mallee and Northern Mallee Pipelines in Victoria to offer 
practical solutions interstate to the issue of maintaining wildlife on farms in a piped water 
supply region. 
 
5.2 ARTIFICIAL WILDLIFE PONDS AND FAUNA WITHIN A PIPED WATER 
DELIVERY SYSTEM 
The original Wimmera Mallee Domestic and Stock Channel System extended over 2.9 
million hectares of agricultural land in the Wimmera and southern Mallee.  It delivered water 
through around 17,500 kilometres of open earthen channels, supplying about 20,000 farm 
dams.  The construction of this human-managed system came at the expense of the natural 
systems.  Many rivers and creeks were dammed or incorporated into the channel system, 
and many natural wetlands were either drained or converted into dams (Chapter 1).  The full 
impact that construction of the channel system had on fauna in the region is not known but, 
coupled with widespread land clearance for agriculture, would have resulted in major 
changes to the distribution and abundance of fauna across the landscape (Chapter 1). 
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Water-dependant fauna in the Wimmera and southern Mallee has adapted to utilising 
channels and dams as habitat.  Farm dams provide habitat for a range of species.  
Waterfowl roost and breed in farm dams.  Native terrestrial mammals utilise farm dams as 
drinking habitat, and bats can be particularly abundant in woodlands around the open water 
(Chapter 2).  Some frog species are likely to have increased in distribution and spread to 
new habitats across an otherwise hostile landscape through the channel system (Chapter 3).  
Water-dependent birds have also benefited, utilising dams and channels as foraging and 
breeding habitat, and as a source of water for drinking (Chapter 4). 
Farm dams, particularly farm dams situated in a Mallee woodland, were shown to provide 
the greatest levels of species richness and species abundance.  The open water in a farm 
dam was shown to serve as habitat for a range of water-dependant species, including frogs, 
freshwater turtles and many birds, particularly waterbirds and birds which need to drink.  
This study found that water-dependant birds were either only found at the farm dam sites or 
were much more abundant there (Chapter 2). 
Farm dams in open paddocks were found to support significantly greater levels of species 
richness and species abundance compared with open paddocks with channels and open 
paddocks with stock troughs (Chapter 2).  The presence of an open body of water, providing 
habitat for water-dependant wildlife was shown to be the main difference between the three 
open paddock treatments.  Channels, where still in use, flowed for only a few weeks in the 
year and stock troughs hold only a small volume of water, and are often turned off when 
paddocks are under crop or when stock are not in the paddock.  The biodiversity value of 
channels and stocks troughs, as measured by species richness and abundance, were found 
to be lowest at channel sites and at stock troughs.  No frogs, turtles or waterfowl were found 
at stock trough sites (Chapters 2, 3 & 4). 
The finding concerning stock troughs is particularly pertinent.  With the de-commissioning of 
the channel/dam system, farm dams will no longer receive flows and will dry up.  Troughs 
will become the main source of water for livestock across the region, and even these can be 
turned off.  For some water-dependant fauna, particularly frogs, turtles and waterfowl, this 
source of water, even if available, is not suitable as habitat.  Water for wildlife will thus 
become a scarce resource in the agricultural regions of the Wimmera and southern Mallee. 
Of all the on-farm water points surveyed, farm dams in Mallee woodlands supported the 
highest levels of species richness and species abundance, and at levels significantly higher 
than Mallee woodlands without an open water source (Chapter 2).  Like farm dams in open 
paddocks, the differences were driven largely by the greater abundance of water-dependant 
fauna present, particularly birds.  Although there was some degree of overlap of species 
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between the two treatments, 26 of the 62 species found across both treatments were only 
found at farm dam in woodland sites and most of these were water-dependant species 
(Appendix 2.2).  With the de-commissioning of the channel/ dam system, the drying out of 
farm dams in Mallee woodlands will result in a loss of a widespread resource currently used 
by a wide variety of water-dependant species and this is likely to have a serious impact of 
their distribution and abundance across the Wimmera and southern Mallee.  Fauna 
populations at farm dam sites are likely to be driven towards a new, water-free landscape 
type, and one which has far-reaching implications for biodiversity. 
It could be argued that the loss of an open water source in Mallee woodlands will simply 
allow fauna populations to return to a more natural state.  However, the Wimmera and 
southern Mallee is far from being in any natural state.  Widespread land clearance and major 
changes to the region’s natural hydrology have seriously altered the distribution and 
abundance of fauna species.  De-commissioning the channel/dam system will not restore 
the natural hydrology of the region.  On the contrary, the loss of open water will be 
permanent and the impact on water-dependant fauna long-lasting. 
The artificial, in-ground wildlife ponds trialled as part of this study were successful in 
providing an open water source for water-dependant wildlife in both Mallee woodlands 
(Chapter 2) and Black Box woodlands (Chapter 4).  The addition of an artificial wildlife pond 
in a Mallee woodland, a naturally arid woodland type, significantly increased species 
richness and abundance, to levels comparable to Mallee woodlands which had water 
source, in this case, a farm dam.  The increases were driven largely by water-dependant 
birds (Chapter 2).  Frogs, however, were not found using the (concrete) wildlife ponds placed 
in Mallee woodlands, most likely due to the distances the wildlife ponds were placed from 
the nearest channel-fed dam (Chapter 2), but possibly also because they were less suitable 
to frogs as the circular wildlife ponds. 
Frogs were found to use the circular wildlife ponds placed in Black Box woodlands and these 
ponds were all placed within 200 metres of a channel-fed dam (Chapter 3).  Distance from a 
source population (farm dam) to the newly-created habitat (wildlife pond) was considered the 
main reason the circular wildlife ponds were occupied, but not the only reason.  Black Box 
woodland is a water-associated woodland community and therefore the presence of water 
there is a natural occurrence.  Mallee woodland is an arid woodland type and presence of 
water is not a natural feature (Chapter 1).  Frog species richness and abundance is higher in 
Black Box woodlands than in Mallee woodlands, and is reasonable to expect then, that frogs 
would be more likely to occupy an artificial wildlife pond placed in a Black Box woodland 
than in a Mallee woodland.  This is supported by the results from one Black Box woodland 
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site where no frogs were found in the adjacent farm dam but frogs still colonised the wildlife 
pond (Chapter 3). 
Proximity to an existing water point supporting frogs was considered the main determinant in 
the occupancy of the circular ponds.  This was evident for all seven wildlife ponds placed in 
Black Box woodlands but was also the case for one of the circular ponds in the Northern 
Mallee pipeline, where frogs had managed to continue to survive in a farm dam over 10 
years after the channel system was replaced, but this dam had a secondary water source 
(Chapter 3). 
Frog populations in farm dams situated in open paddocks or Mallee woodlands are at 
serious risk of dying out once the channel/dam system is de-commissioned, resulting in 
widespread local extinctions.  Water-dependant birds are also likely to suffer declines in 
Mallee woodlands following de-commissioning.  Artificial wildlife ponds in Mallee woodlands 
could provide a degree of ‘compensation’ habitat for birds, and could also support frogs if the 
wildlife ponds were placed within 200 metres of a channel-fed dam, and the interval between 
de-commissioning and addition of a wildlife pond is not too great. 
Artificial wildlife ponds placed near channel-fed dams in Black Box woodlands are likely to 
be most successful in maintaining frog populations.  Bird species richness and abundance in 
Black Box woodlands are less likely to be adversely affected by the de-commissioning of the 
channel/dam system, although wildlife ponds in Black Box woodlands could benefit water-
dependant birds in summer. 
From an environmental perspective, the artificial wildlife ponds have been successful in 
providing an important resource for water-dependant birds and critically important habitat for 
frogs.  From a community perspective, the circular wildlife ponds have been proven to work 
as intended, are well received and have been readily adopted.  The application of wildlife 
ponds, where they are placed and how they are maintained can provide a vitally important 
habitat feature for wildlife and also empower communities with a mechanism of change to 
make a positive contribution to the environment of the Wimmera and southern Mallee. 
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7.  APPENDICES 
 
APPENDIX 1 
List of common and scientific names of all birds and mammals referred to in this study.  Bird names 
follow taxonomy in Christidis & Boles (1994).  Bird names follow the taxonomy in Menkhorst (2001). 
 
Common Name Scientific Name 
Birds:  
Australasian Grebe Tachybaptus novaehollandiae 
Australian Magpie Gymnorhina tibicen 
Australian Owlet-nightjar Aegotheles cristatus 
Australian Pipit Anthus australis 
Australian Raven Corvus coronoides 
Australian Ringneck Barnardius zonarius 
Australian Shelduck Tadorna tadornoides 
Australian Wood Duck Chenonetta jubata 
Banded Lapwing Vanellus tricolor 
Barn Owl Tyto alba 
Black-faced Cuckoo-shrike Coracina novaehollandiae 
Black-faced Woodswallow Artamus cinereus 
Black-fronted Dotterel Elesyornis melanops 
Black-tailed Native-hen Gallinula ventralis 
Blue Bonnet Northiella haematogaster 
Brown Songlark Cincloramphus cruralis 
Brown Falcon Falco berigora 
Brown Goshawk Accipiter fasciatus 
Brown Treecreeper Climacteris picumnus 
Brown-headed Honeyeater Melithreptus brevirostris 
Chestnut-crowned Babbler Pomatostomus ruficeps 
Chestnut-rumped Thornbill Acanthiza uropygialis 
Cockatiel Nymphicus hollandicus 
Common Bronzewing Phaps chalcoptera 
Common Starling Sturnus vulgaris 
Crested Pigeon Ocyphaps lophotes 
Dusky Woodswallow Artamus cyanopterus 
Eastern Rosella Platycercus adscitus 
Emu Dromaius novaehollandiae 
Feral Pigeon Colomba liva 
Galah Eolophus roseicapillus 
Golden Whistler Pachycephala pectoralis 
Grey Fantail Rhipidura albiscapa 
Grey Shrike-thrush Colluricincla harmonica 
Grey Teal Anas gracilis 
Grey-crowned Babbler Pomatostomus temporalis 
Hoary-headed Grebe Poliocephalus poliocephalus 
Hooded Robin Melanodryas cucullata 
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Horsfield's Bronze-Cuckoo Chalcites basalis 
House Sparrow Passer domesticus 
Inland Thornbill Acanthiza apicalis 
Jacky Winter Microeca fascinans 
Laughing Kookaburra Dacelo novaeguineae 
Little Eagle Hieraaetus morphnoides 
Little Pied Cormorant Phalacrocorax melanoleucos 
Little Raven Corvus mellori 
Magpie-lark Grallina cyanoleuca 
Malleefowl Leiopoa ocellata 
Masked Lapwing Vanellus miles 
Masked Woodswallow Artamus personatus 
Mistletoebird Dicaeum hirundinaceum 
Mulga Parrot Psephotus varius 
Musk Lorikeet Glossopsitta concinna 
Nankeen Kestrel Falco cenchroides 
Noisy Miner Manorina melanocephala 
Pacific Black Duck Anas superciliosa 
Peaceful Dove Geopelia placida 
Pied Butcherbird Cracticus nigrogularis 
Purple-crowned Lorikeet Glossopsitta porphyrocephala 
Rainbow Bee-eater Merops ornatus 
Red Wattlebird Anthochaera carunculata 
Red-capped Robin Petroica goodenovii 
Red-rumped Parrot Psephotus haematonotus 
Regent Parrot Polytelis anthopeplus 
Restless Flycatcher Myiagra inquieta 
Rufous Whistler Pachycephala rufiventris 
Sacred Kingfisher Todiramphus sanctus 
Singing Honeyeater Lichenostomus virescens 
Silver Gull Larus novaehollandiae 
Singing Bushlark Mirafra javanica 
Spiny-cheeked Honeyeater Acanthagenys rufogularis 
Splendid Fairy-wren Malurus splendens 
Spotted Pardalote Pardalotus punctatus 
Striated Grasswren Amytornis striatus 
Striated Pardalote Pardalotus striatus 
Stubble Quail Coturnix pectoralis 
Superb Fairy-wren Malurus cyaneus 
Tree Martin Petrochelidon nigricans 
Variegated Fairy-wren Malurus lamberti 
Wedge-tailed Eagle Aquila audax 
Weebill Smicrornis brevirostris 
Welcome Swallow Hirundo neoxena 
Whiskered Tern Chlidonias hybrida 
Whistling Kite Haliastur sphenurus 
White-browed Babbler Pomatostomus superciliosus 
White-browed Woodswallow Artamus superciliosus 
White-faced Heron Egretta novaehollandiae 
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White-fronted Chat Epthianura albifrons 
White-fronted Honeyeater Phylidonyris albifrons 
White-plumed Honeyeater Lichenostomus penicillatus 
White-winged Chough Corcorax melanorhamphos 
White-winged Triller Lalage tricolor 
Willie Wagtail Rhipidura leucophrys 
Yellow Thornbill Acanthiza nana 
Yellow-plumed Honeyeater Lichenostomus ornatus 
Yellow-rumped Thornbill Acanthiza chrysorrhoa 
Yellow-throated Miner Manorina flavigula 
Zebra Finch Poephila guttata 
  
Mammals:  
Western Grey Kangaroo Macropos fuliginosus 
Common Brush-tailed Possum Trichosurus vulpecula 
Gould’s Wattled Bat Chalinolobus gouldii 
Chocolate Wattled Bat Chalinolobus morio 
Southern Freetail Bat Mormopterus planiceps 
Lesser Long-eared Bat Nyctophilus geoffroyi 
Brown Hare Lepus capensis 
European Rabbit Oryctolagus cuniculus 
House Mouse Mus musculus 
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APPENDIX 2.1 
Results of diurnal and nocturnal fauna surveys from the Northern Mallee Pipeline region treatments.  Season data are combined.  Column heading D refers to 
diurnal results, N to nocturnal results.  Data for each site are shown. 
 
        Northern Mallee Pipeline region 
 
Stock trough in open paddock Control Woodland 
site 1 site 2 site 3 site 4 site 1 site 2 site 3 site 4 
 D    N D    N D    N D    N D    N D    N D    N D    N 
Reptiles 
Boulenger's Skink 0    0 0    0 0    0 0    0 3    0 2    0 17   0 6    0 
Grey's Skink 1    0 4    0 0    0 0    0 0    0 0    0 0    0 0    0 
Obscure Skink 0    0 0    0 0    0 1    0 0    0 0    0 0    0 0    0 
Samphire Skink 0    0 0    0 0    0 3    0 0    0 0    0 0    0 0    0 
Stumpy-tail Lizard 0    0 0    0 0    0 0    0 1    0 3    0 1    0 0    0 
Marbled Gecko 0    0 0    0 0    0 0    0 0    0 0    1 0    0 0    1 
Birds 
Australian Magpie 6    0 5    0 14   0 0    0 4    0 1    0 3    0 3    0 
Australian Owlet-nightjar 0    0 0    0 0    0 0    0 0    0 0    0 0    1 0    1 
Australian Raven 3    0 0    0 0    0 1    0 0    0 2    0 1    0 0    0 
Australian Ringneck 0    0 0    0 0    0 0    0 0    0 1    0 2    0 1    0 
Blue Bonnet 5    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Brown Songlark 0    0 0    0 1    0 0    0 0    0 0    0 0    0 0    0 
Brown-headed Honeyeater 0    0 0    0 0    0 0    0 0    0 5    0 0    0 0    0 
Chestnut-rumped Thornbill 0    0 0    0 0    0 0    0 0    0 4    0 0    0 11   0 
Crested Pigeon 1    0 0    0 0    0 0    0 5    0 0    0 0    0 0    0 
Eastern Rosella 2    0 0    0 0    0 0    0 2    0 0    0 0    0 0    0 
Galah 6    0 0    0 0    0 0    0 2    0 0    0 1    0 8    0 
Grey Fantail 0    0 0    0 0    0 0    0 0    0 1    0 0    0 0    0 
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        Northern Mallee Pipeline region 
 
Stock trough in open paddock Control Woodland 
site 1 site 2 site 3 site 4 site 1 site 2 site 3 site 4 
 D    N D    N D    N D    N D    N D    N D    N D    N 
Hooded Robin 0    0 0    0 0    0 0    0 0    0 0    0 1    0 0    0 
Jacky Winter 0    0 0    0 0    0 0    0 0    0 2    0 0    0 0    0 
Magpie-lark 0    0 0    0 0    0 0    0 0    0 0    0 1    0 0    0 
Masked Lapwing 0    0 0    0 0    0 0    1 0    0 0    0 0    0 0    0 
Mulga Parrot 0    0 0    0 0    0 0    0 2    0 0    0 0    0 0    0 
Noisy Miner 0    0 0    0 0    0 0    0 4    0 0    0 0    0 0    0 
Pied Butcherbird 0    0 0    0 0    0 0    0 1    0 0    0 0    0 0    0 
Red Wattlebird 0    0 0    0 0    0 0    0 1    0 0    0 0    0 0    0 
Red-capped Robin 0    0 0    0 0    0 0    0 0    0 0    0 0    0 3    0 
Red-rumped Parrot 0    0 0    0 0    0 0    0 0    0 2    0 3    0 0    0 
Regent Parrot 0    0 0    0 0    0 0    0 14   0 0    0 0    0 0    0 
Restless Flycatcher 0    0 0    0 0    0 0    0 0    0 0    0 1    0 0    0 
Rufous Whistler 0    0 0    0 0    0 0    0 0    0 0    0 1    0 1    0 
Singing Honeyeater 0    0 0    0 0    0 0    0 0    0 0    0 0    0 1    0 
Spiny-cheeked Honeyeater 0    0 0    0 0    0 0    0 0    0 3    0 0    0 0    0 
Splendid Fairy-wren 0    0 0    0 0    0 0    0 0    0 4    0 0    0 0    0 
Spotted Pardalote 0    0 0    0 0    0 0    0 4    0 1    0 4    0 0    0 
Striated Pardalote 0    0 0    0 0    0 0    0 1    0 1    0 2    0 2    0 
Superb Fairy-wren 0    0 0    0 0    0 0    0 0    0 0    0 5    0 0    0 
Variegated Fairy-wren 0    0 0    0 0    0 0    0 0    0 0    0 2    0 0    0 
Weebill 0    0 0    0 0    0 0    0 3    0 9    0 0    0 8    0 
White-browed Woodswallow 0    0 0    0 0    0 0    0 0    0 0    0 2    0 0    0 
White-plumed Honeyeater 0    0 0    0 0    0 0    0 0    0 0    0 3    0 0    0 
White-winged Chough 0    0 0    0 0    0 0    0 0    0 2    0 12   0 0    0 
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        Northern Mallee Pipeline region 
 
Stock trough in open paddock Control Woodland 
site 1 site 2 site 3 site 4 site 1 site 2 site 3 site 4 
 D    N D    N D    N D    N D    N D    N D    N D    N 
Willie Wagtail 0    0 0    0 0    0 0    0 0    0 2    0 1    0 2    0 
Yellow Thornbill 0    0 0    0 0    0 0    0 0    0 0    0 0    0 3    0 
Yellow-plumed Honeyeater 0    0 0    0 0    0 0    0 0    0 6    0 0    0 1    0 
Yellow-rumped Thornbill 0    0 0    0 0    0 0    0 0    0 0    0 0    0 1    0 
Yellow-throated Miner 10   0 0    0 0    0 0    0 23   0 0    0 0    0 5    0 
Unidentified species 0    0 0    1 0    0 0    0 0    0 0    0 0    0 0    0 
Mammals 
Brown Hare 0    0 0    0 0    0 0    0 0    0 0    0 1    0 2    0 
European Rabbit 0    0 0    0 0    0 0    0 0    0 1    0 0    0 0    0 
House Mouse 0    0 0    0 1    0 1    0 0    0 0    0 0    0 0    0 
Western Grey Kangaroo 0    0 0    0 0    0 0    0 0    0 0    0 1    0 0    0 
Southern Freetail Bat Not recorded Present 
Gould’s Wattled Bat Not recorded Present 
Lesser Long-eared Bat Not recorded Present 
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APPENDIX 2.2 
Results of diurnal and nocturnal fauna surveys from the Wimmera Mallee Channel/dam region treatments.  Season data are combined.  Column heading D 
refers to diurnal results, N to nocturnal results.  Data for each site are shown.  Data for bat species pooled for whole treatment. 
 
Wimmera Mallee Channel/dam region 
 
Dam in open paddock Stock trough in open paddock Channel in open paddock 
site 1 site 2 site 3 site 4 site 1 site 2 site 3 site 4 site 1 site 2 site 3 site 4 
 D    N D    N D    N D    N D    N D    N D    N D    N D    N D    N D    N D    N 
Frogs 
Common Spadefoot 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    1 0    0 0    0 
Common Froglet 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Plains Froglet 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Pobblebonk 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Growling Grass Frog 0    7 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Spotted Marsh Frog 0    0 0    0 2    0 0    2 0    0 0    0 0    0 0    0 0    0 0    0 1    0 0    0 
Unidentified frog species 0    0 0    0 0    0 0    1 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Reptiles 
Boulenger's Skink 0    0 3    0 2    0 0    0 4    0 0    0 0    0 0    0 3    0 7    0 1    0 0    0 
Grey's Skink 0    0 2    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 1    0 0    0 0    0 
E. Snake-necked Tortoise 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    1 0    0 0    0 
Birds 
Australasian Grebe 0   0 1    2 0   0 3   0 0   0 0   0 0   0 0   0 0   0 0   0 0   0 0   0 
Australian Magpie 9   0 0    0 4    0 0    0 2    0 0    0 0    0 0    0 0    0 1    0 0    0 3    0 
Australian Owlet-nightjar 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Australian Pipit 0    0 8    0 6    0 0    0 1    0 2    0 0    0 4    0 0    0 2    0 4    0 3    0 
Australian Ringneck 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Australian Wood Duck 0    0 0    25 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Australian Shelduck 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
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Wimmera Mallee Channel/dam region 
 
Dam in open paddock Stock trough in open paddock Channel in open paddock 
site 1 site 2 site 3 site 4 site 1 site 2 site 3 site 4 site 1 site 2 site 3 site 4 
 D    N D    N D    N D    N D    N D    N D    N D    N D    N D    N D    N D    N 
Barn Owl 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Black-fronted Dotterel 0    0 2    0 1    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Brown Falcon 0    0 0    0 0    0 0    0 2    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Brown Songlark 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 1    0 0    0 0    0 
Brown Treecreeper 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Brown-headed Honeyeater 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Chestnut-rumped Thornbill 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Cockatiel 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Common Bronzewing 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Common Starling 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Corvid species 0    0 0    0 0    0 0    0 0    0 0    0 0    0 1    0 0    0 0    0 0    0 0    0 
Crested Pigeon 0    0 0    0 2    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Duck species 0    0 0    6 0    2 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Dusky Woodswallow 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Eastern Rosella 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Feral Pigeon 0    0 0    0 0    0 6    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Galah 0    0 2    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Grey Shrike-thrush 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Grey Teal 0    0 3    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Hoary-headed Grebe 0    0 1    0 0    0 1    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
House Sparrow 0    0 0    0 45   0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Little Pied Cormorant 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Magpie-lark 0    0 0    0 2    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Masked Lapwing 2    0 0    2 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
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Wimmera Mallee Channel/dam region 
 
Dam in open paddock Stock trough in open paddock Channel in open paddock 
site 1 site 2 site 3 site 4 site 1 site 2 site 3 site 4 site 1 site 2 site 3 site 4 
 D    N D    N D    N D    N D    N D    N D    N D    N D    N D    N D    N D    N 
Nankeen Kestrel 0    0 1    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Noisy Miner 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Pacific Black Duck 0    0 1    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Pied Butcherbird 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Purple-crowned Lorikeet 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Red-capped Robin 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Red-rumped Parrot 0    0 1    0 0    0 0    0 0    0 0    0 0    0 7    0 0    0 0    0 0    0 0    0 
Silver Gull 0    0 1    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Singing Bushlark 0    2 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Spotted Pardalote 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Striated Pardalote 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Stubble Quail 0    0 0    0 0    0 0    0 0    0 1    1 1    0 0    0 3    0 3    0 0    0 0    0 
Tree Martin 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Wedge-tailed Eagle 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Weebill 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Welcome Swallow 1    0 2    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Whiskered Tern 0    0 1    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Whistling Kite 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
White-browed Woodswallow 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
White-faced Heron 0    0 2    0 0    0 1    0 0    0 0    0 0    0 0    0 1    0 0    0 0    0 0    0 
White-fronted Honeyeater 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
White-plumed Honeyeater 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
White-winged Chough 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
White-winged Triller 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
 144 
Wimmera Mallee Channel/dam region 
 
Dam in open paddock Stock trough in open paddock Channel in open paddock 
site 1 site 2 site 3 site 4 site 1 site 2 site 3 site 4 site 1 site 2 site 3 site 4 
 D    N D    N D    N D    N D    N D    N D    N D    N D    N D    N D    N D    N 
Willie Wagtail 0    0 0    0 2    0 0    0 0    0 0    0 0    0 0    0 1    0 0    0 1    0 0    0 
Yellow Thornbill 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Yellow-plumed Honeyeater 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Yellow-rumped Thornbill 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Mammals 
Brown Hare 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
European Rabbit 0    0 0    0 0    0 0    3 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
House Mouse 0    0 0    0 0    0 0    0 0    0 1    0 1    0 0    0 0    0 1    0 0    0 0    0 
Common Brush-tailed Possum 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Western Grey Kangaroo 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Bat species unidentified Present Present Present 
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Wimmera Mallee Channel/dam region 
 
Control Woodland Farm dam in woodland 
site 1 site 2 site 3 site 4 site 1 site 2 site 3 site 4 
 D    N D    N D    N D    N D    N D    N D    N D    N 
Frogs 
Common Froglet 0    0 0    0 0    0 0    0 0    0 1    1 0    0 0    0 
Plains Froglet 0    0 0    0 0    0 0    0 0    0 0    0 0    0 0    7 
Pobblebonk 0    0 0    0 0    0 0    0 0    0 0    0 1    0 0    0 
Spotted Marsh Frog 0    0 0    0 0    0 0    0 5    0 2    2 0    0 6   67 
Reptiles 
Boulenger's Skink 9    0 10   0 10   0 9    0 11   0 11   0 17   0 18   0 
Grey's Skink 0    0 0    0 0    0 0    0 0    0 0    0 1    0 0    0 
Birds 
Australasian Grebe 0    0 0    0 0    0 0    0 0    0 15    2 0    0 1    0 
Australian Magpie 3    0 0    0 2    0 2    0 1    0 4    0 9    0 4    0 
Australian Owlet-nightjar 0    0 1    1 1    3 0    1 0    0 0    0 0    0 0    2 
Australian Ringneck 4    0 0    0 2    0 0    0 0    0 0    0 3    0 0    0 
Australian Wood Duck 0    0 0    0 0    0 0    0 3    2 4    1 0    14 4    0 
Australian Shelduck 0    0 0    0 2    0 0    0 0    0 1    0 0    0 0    0 
Barn Owl 0    0 0    0 0    0 0    0 0    0 0    0 0    1 0    0 
Black-fronted Dotterel 0    0 0    0 0    0 0    0 0    0 2    0 0    0 0    0 
Brown Falcon 0    0 0    0 0    0 0    0 0    0 2    0 0    0 0    0 
Brown Songlark 0    0 0    0 0    0 0    0 0    1 0    0 0    0 0    0 
Brown Treecreeper 15   0 0    0 0    0 0    0 0    0 10   0 0    0 7    0 
Brown-headed Honeyeater 0    0 2    0 0    0 5    0 0    0 0    0 10   0 0    0 
Chestnut-rumped Thornbill 0    0 0    0 0    0 5    0 0    0 0    0 0    0 0    0 
Cockatiel 0    0 4    0 0    0 0    0 0    0 0    0 1    0 5    0 
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Wimmera Mallee Channel/dam region 
 
Control Woodland Farm dam in woodland 
site 1 site 2 site 3 site 4 site 1 site 2 site 3 site 4 
 D    N D    N D    N D    N D    N D    N D    N D    N 
Common Bronzewing 0    0 0    0 0    0 0    0 0    0 0    0 1    0 0    0 
Common Starling 0    0 0    0 0    0 0    0 0    0 20   0 2    0 0    0 
Corvid species 0    0 0    0 0    0 1    0 4    0 0    0 20   0 0    0 
Crested Pigeon 1    0 0    0 2    0 0    0 6    0 5    0 6    0 2    0 
Dusky Woodswallow 3    0 0    0 0    0 0    0 0    0 0    0 0    0 0    0 
Eastern Rosella 0    0 0    0 1    0 3    0 5    0 7    0 4    0 0    0 
Feral Pigeon 0    0 0    0 0    0 0    0 0    0 0    0 3    0 0    0 
Galah 1    0 5    0 1    0 0    0 7    0 7    0 0    0 2    0 
Grey Shrike-thrush 0    0 1    0 0    0 0    0 0    0 0    0 0    0 0    0 
Grey Teal 0    0 0    0 0    0 0    0 0    0 1    2 0    0 2    0 
Little Pied Cormorant 0    0 0    0 0    0 0    0 0    0 0    0 1    0 0    0 
Magpie-lark 0    0 0    0 0    0 0    0 3    0 1    0 0    0 5    0 
Masked Lapwing 0    0 0    0 0    0 0    0 0    0 0    1 0    0 2    0 
Noisy Miner 0    0 6    0 16   0 4    0 20   0 4    0 8    0 2    0 
Pacific Black Duck 0    0 0    0 0    0 0    0 0    0 3    0 0    0 0    0 
Pied Butcherbird 0    0 0    0 0    0 0    0 1    0 2    0 1    0 1    0 
Purple-crowned Lorikeet 0    0 0    0 0    0 1    0 0    0 0    0 0    0 0    0 
Red-capped Robin 0    0 1    0 0    0 0    0 0    0 0    0 0    0 0    0 
Red-rumped Parrot 16   0 5    0 3    0 9    0 16   0 41   0 6    0 12   0 
Spotted Pardalote 0    0 15   0 1    0 0    0 0    0 0    0 1    0 3    0 
Striated Pardalote 5    0 2    0 0    0 2    0 2    0 4    0 15   0 2    0 
Tree Martin 9    0 0    0 0    0 0    0 0    0 0    0 3    0 0    0 
Wedge-tailed Eagle 0    0 0    0 0    0 0    0 1    0 0    0 0    0 0    0 
Weebill 10   0 24   0 0    0 16   0 0    0 0    0 0    0 0    0 
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Wimmera Mallee Channel/dam region 
 
Control Woodland Farm dam in woodland 
site 1 site 2 site 3 site 4 site 1 site 2 site 3 site 4 
 D    N D    N D    N D    N D    N D    N D    N D    N 
Welcome Swallow 2    0 0    0 5    0 0    0 1    0 40   0 2    0 1    0 
Whistling Kite 0    0 0    0 1    0 0    0 0    0 0    0 0    0 0    0 
White-browed Woodswallow 4    0 6    0 0    0 0    0 0    0 0    0 0    0 0    0 
White-faced Heron 0    0 0    0 0    0 0    0 0    0 0    0 0    0 1    0 
White-fronted Honeyeater 0    0 1    0 0    0 0    0 0    0 0    0 0    0 0    0 
White-plumed Honeyeater 10   0 2    0 0    0 0    0 0    0 5    0 2    0 2    0 
White-winged Chough 0    0 47   0 0    0 0    0 0    0 0    0 14   0 10   0 
White-winged Triller 0    0 0    0 0    0 0    0 0    0 0    0 0    0 2    0 
Willie Wagtail 1    0 0    0 0    0 0    0 0    0 5    0 4    0 2    0 
Yellow Thornbill 0    0 0    0 0    0 3    0 0    0 0    0 0    0 0    0 
Yellow-plumed Honeyeater 0    0 9    0 0    0 0    0 0    0 0    0 0    0 0    0 
Yellow-rumped Thornbill 0    0 1    0 0    0 0    0 0    0 0    0 0    0 0    0 
Mammals 
Brown Hare 0    0 0    0 0    0 1    0 0    0 0    0 1    0 1    0 
European Rabbit 0    2 2    0 0    0 0    0 0    0 2   29 0    0 0    0 
Common Brush-tailed Possum 0    4 0    1 0    0 0    2 0   15 0    3 0    0 0    3 
Western Grey Kangaroo 0    0 0    0 0    0 2    0 0    0 0    0 0    0 0    0 
Southern Freetail Bat Not recorded Present 
Gould’s Wattled Bat Not recorded Present 
Unidentified bat species Present Present 
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APPENDIX 3. 
Abundance values, expressed as the mean number of birds counted per survey, for each species recorded during the bird surveys of sites in the five Mallee 
woodland treatments and two Black Box woodland treatments.  The n values shown for each treatment refer to the number of sites and number of surveys 
conducted.  The water dependency of each species is shown, expressed as W (waterbird), D (dependent on water for drinking all year round), P (dependent 
on water for part of a year) and I (not dependent on water), and based on the definitions of Fisher et al. (1972), or extrapolated from another source.  An 
asterisk (*) is used to denote where the water dependency category is based on a closely-related species. 
 
Species 
Mallee Woodlands Black Box Woodlands 
Water dependency category 
and Source 
Northern Mallee 
Pipeline 
Wimmera Mallee Channel/dam 
region 
Wimmera Mallee 
Channel/dam region 
control  
(n=4, 16) 
wildlife 
pond 
(n=4, 16) 
farm dam 
(n=4, 16) 
wildlife 
pond 
(n=4, 16) 
control  
(n=4, 16) 
control  
(n=4, 16) 
wildlife 
pond 
(n=7, 28) 
Australasian Grebe 0 0 1.00 0 0 0.14 0 W HANZAB 
Australian Hobby 0 0 0 0 0 0 0.04   
Australian Magpie 0.69 0.94 1.13 2.75 0.44 1.43 1.21 D Fisher et al. 1972 
Australian Owlet-nightjar 0 0 0 0.06 0.13 0.14 0.04 P HANZAB 
Australian Raven 0.19 0.38 0.44 0.13 0 0.14 0.64 P Fisher et al. 1972 
Australian Ringneck 0.25 0.06 0.19 0.81 0.38 0 0.14 D Fisher et al. 1972 
Australian Shelduck 0 0 0.06 0 0.13 0.14 0 W HANZAB 
Australian Wood Duck 0 0 0.69 0 0 0.07 0.07 W HANZAB 
Banded Lapwing 0 0 0 0 0 0.36 0     
Black-faced Cuckoo-shrike 0 0 0 0.06 0 0.14 0.14 P Fisher et al. 1972 
Black-faced Woodswallow 0 0 0 0.06 0 0 0 P Fisher et al. 1972 
Black-fronted Dotterel 0 0 0.13 0 0 0 0 W HANZAB 
Black-tailed Native-hen 0 0 0 0 0 0.43 0 W  HANZAB 
Bluebonnet 0 0 0 0 0 0.79 0.18 D Fisher et al. 1972* 
Brown Falcon 0 0 0.13 0.06 0 0 0 P Fisher et al. 1972 
Brown Goshawk 0 0 0 0 0 0 0.04     
Brown Treecreeper 0 0.25 1.06 2.06 0.94 1.79 1.89 I *Fisher et al. 1972 
Brown-headed Honeyeater 0.31 0.19 0.63 0.06 0.44 0 0 P HANZAB 
Chestnut-crowned Babbler 0 0 0 0 0 0.43 0 I Fisher et al. 1972* 
Chestnut-rumped Thornbill 0.94 0.44 0 0 0.31 0 0 I Fisher et al. 1972 
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Cockatiel 0 0.88 0.38 0.13 0.25 0 0 D Fisher et al. 1972 
Common Bronzewing 0 0.19 0.06 0 0 0 007 D Fisher et al. 1972 
Common Starling 0 0 1.38 0.31 0 0.07 0.43 D HANZAB 
Crested Pigeon 0.31 1.94 1.19 1.19 0.19 1.93 1.43 D Fisher et al. 1972 
Dusky Woodswallow 0 0 0 1.06 0.19 0 0.11 P *Fisher et al. 1972 
Eastern Rosella 0.13 0 1.00 1.50 0.25 0.79 0.75 D *Fisher et al. 1972 
Feral Pigeon 0 0 0.19 0 0 0 0 D HANZAB 
Galah 0.69 0.13 1.00 2.69 0.44 1.57 2.43 D Fisher et al. 1972 
Golden Whistler 0 0.06 0 0 0 0 0 P Fisher et al. 1972 
Grey Fantail 0.06 0 0 0 0 0 0 I HANZAB 
Grey Shrike-thrush 0 0.19 0 0.06 0.06 0.07 0.14 I *Fisher et al. 1972 
Grey Teal 0 0 0.19 0 0 0 0 W HANZAB 
Grey-crowned Babbler 0 0 0 0 0 0 0.21 I ?Fisher et al. 1972 
Hooded Robin 0.06 0.25 0 0 0 0 0 P Fisher et al. 1972 
Horsfield's Bronze-Cuckoo 0 0 0 0 0 0 0.04 P Harrington 2002 
House Sparrow 0 0 0 0 0 0.07 1.57 P HANZAB 
Inland Thornbill 0 0.06 0 0 0 0 0 I HANZAB 
Jacky Winter 0.13 0.13 0 0 0 0 0.04 I Fisher et al. 1972 
Laughing Kookaburra 0 0 0 0 0 0 0.11     
Little Eagle 0 0 0 0 0 0 0.07     
Little Pied Cormorant 0 0 0.06 0 0 0 0 W HANZAB 
Little Raven 0 0 1.06 0 0.06 0 0 P *Fisher et al. 1972 
Magpie-lark 0.06 0.19 0.56 0 0 0.29 0.04 P Fisher et al. 1972 
Masked Lapwing 0 0 0.13 0 0 0.14 0 I Fisher et al. 1972 
Masked Woodswallow 0 0 0 0 0 0.14 0 P   
Mistletoebird 0 0.13 0 0 0 0 0 I Fisher et al. 1972 
Mulga Parrot 0.13 0.38 0 0 0 0 0 P Fisher et al. 1972 
Musk Lorikeet 0 0 0 0.13 0 0 0.18 P HANZAB 
Noisy Miner 0.25 0 2.06 1.50 1.63 0.93 0.89 P *Fisher et al. 1972 
Pacific Black Duck 0 0 0.19 0 0 0.14 0 W HANZAB 
Peaceful Dove 0 0.25 0 0 0 0 0.07 P Fisher et al. 1972 
Pied Butcherbird 0.06 0.06 0.31 0.38 0 0.07 0.04 P Fisher et al. 1972 
Purple-crowned Lorikeet 0 0 0 0 0.06 0 0 P HANZAB 
Rainbow Bee-eater 0 0.31 0 0.06 0 0 0.14 I Fisher et al. 1972 
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Red Wattlebird 0.06 0.06 0 0 0 0 0.14 D Fisher et al. 1972 
Red-capped Robin 0.19 0 0 0 0.06 0 0 P Fisher et al. 1972 
Red-rumped Parrot 0.31 3.50 4.69 6.50 2.06 2.71 4.07 D HANZAB 
Regent Parrot 0.88 0.50 0 0 0 0 0 P *Fisher et al. 1972 
Restless Flycatcher 0.06 0.13 0 0 0 0 0.18 I HANZAB 
Rufous Whistler 0.13 0 0 0 0 0 0 P Fisher et al. 1972 
Singing Honeyeater 0.06 0.06 0 0 0 0.07 0 P Fisher et al. 1972 
Spiny-cheeked Honeyeater 0.19 0.63 0 0.13 0 0 0 P Fisher et al. 1972 
Splendid Fairy-wren 0.25 1.56 0 0 0 0 0 I Fisher et al. 1972 
Spotted Pardalote 0.56 0.25 0.25 0.06 1.00 0 0 I *Fisher et al. 1972 
Spotted Harrier 0 0 0 0 0 0 0.04   
Striated Pardalote 0.38 0.44 1.44 0.50 0.56 0.79 0.46 I *Fisher et al. 1972 
Striped Honeyeater 0 0.13 0 0 0 0 0 P HANZAB 
Superb Fairy-wren 0.31 0 0 0 0 0 0.46 I Fisher et al. 1972 
Tree Martin 0 0 0.19 0 0.56 0.14 0.32 P Fisher et al. 1972 
Variegated Fairy-wren 0.13 0.31 0 0 0 0.50 1.11 I Fisher et al. 1972 
Wedge-tailed Eagle 0 0 0.06 0 0 0 0 N Fisher et al. 1972 
Weebill 1.25 1.63 0 0 3.13 0 0 I Fisher et al. 1972 
Welcome Swallow 0 0 2.75 0.25 0.44 0.21 0.43 P Fisher et al. 1972 
Whistling Kite 0 0 0 0 0.06 0 0 P Fisher et al. 1972 
White-browed Babbler 0.00 0.56 0 0 0 0 0.25 I Fisher et al. 1972 
White-browed Woodswallow 0.13 0.38 0 0.25 0.63 0 0.04 P Fisher et al. 1972 
White-faced Heron 0 0 0.06 0 0 0 0 W HANZAB 
White-fronted Chat 0 0 0 0 0 0.07 0     
White-fronted Honeyeater 0 0.13 0 0.13 0.06 0 0 P Fisher et al. 1972 
White-plumed Honeyeater 0.19 0.06 0.56 2.38 0.75 1.07 2.61 D Fisher et al. 1972 
White-winged Chough 0.88 1.88 1.50 1.44 2.94 0.29 2.79 P Harrington 2002 
White-winged Triller 0 0.06 0.13 0 0 0 0 P Fisher et al. 1972 
Willie Wagtail 0.31 0.25 0.69 0.25 0.06 0.36 0.36 P Fisher et al. 1972 
Yellow Thornbill 0.19 0 0 0 0.19 0 0 I *Fisher et al. 1972 
Yellow-plumed Honeyeater 0.44 2.69 0 0.31 0.56 0 0 D Fisher et al. 1972 
Yellow-rumped Thornbill 0.06 0.06 0 0 0.06 0 0 I *Fisher et al. 1972 
Yellow-throated Miner 1.75 1.00 0 0.13 0 0.43 0 D Fisher et al. 1972 
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Total Species 49 43 36 32 32 35 42  
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